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CARBORUNDUM: A NEW ARTIFICIAL ABRASIVE 
MATERIAL. 


[ Being the report of the Institute through its Committee on Science and the 
Arts on the invention of E.. G. Acheson, of a new Artificial 
Abrasive Material.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, January 3, 1894. 


The Franklin Institute of the State of Pennsylvania, for 
the Promotion of the Mechanic Arts, acting by its Com- 
mittee on Science and the Arts, investigating the invention 
of Mr. E. G. Acheson, of Monongahela City, Pa., of an arti- 
ficial crystalline carbonaceous substance, termed by the 
inventor, “ carborundum :” 

Finds that the invention is the subject of letters patent 
of the United States, No. 492,767, of February 28, 1893, 
granted to Edward G. Acheson, a copy of which accom- 
VoL. CXXXVII, 26 
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panies this report* and may be referred to for descriptive 
and other details not herein incorporated. 

The patent above referred to describes the manufacture 
of a crystalline compound, composed essentially of silicide 
of carbon, and embraces in its claims both the general 
method of manufacture and the product. 

The primary object of the invention is stated to be the 
production of a carbonaceous material having properties 
which will render it useful as a substitute for diamond, bort, 
corundum and other abrasive materials. 


Exterior view of electric furnace*for making carborundum. 


The method of manufacture consists.in general in sub- 
jecting to an extremely high temperature, and for a con- 
siderable time, mixtures of carbon with silica or silicious 
‘materials and a suitable flux. 

The inventor finds that the heat generated by an electric 
current affords him the most efficient conditions for secur- 
ing the high temperatures needed to bring about the reac- 


* Copy of this specification is filed with the record of the case. 
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tion, and accordingly states his preference for the use of the 
electric furnace. 

The following general description will serve to explain 
the mode of operation. An intimate mixture of carbon and 
sand is introduced into a rectangular box of brick or fire- 
clay constituting the furnace chamber, the mixture being 
so placed as to surround a core of granular carbon. Into 
each end of the chamber project several rods of carbon 
making connection with the core, and through these rods 
and the core is passed a current sufficient in quantity and 
for asufficient length of time to fuse the contained silica 
and bring about its subsequent combination with a portion 
of the carbon to form a new substance, a silicide of carbon, 
to which the name of carborundum has been given. 

Upon removal from the furnace, the carborundum is 
found as a porous, cinder-like mass, formed of groups of 
small, glittering crystals of yellowish-green, bluish-green, 
or blue color, surrounded by more or less coherent masses 
of partly altered carbon. 

The separation of the carborundum from the other con- 
stituents of the mass is first effected as completely as may 
be by hand. Theselected material is washed in water, then 
treated with acid to remove soluble impurities (iron, alu- 
mina, lime, ete.), again washed, then dried and crushed. By 
this means the individual crystals are separated, and the 
purified material is then separated into commercial sizes of 
different degrees of fineness by a process of floatation in a 
current of water, the several grades being thus automati- 
cally collected in separate receptacles. 

An analysis of the product thus formed shows that it is 
a compound thus far new in chemistry, a combination of 
one atom of carbon with one atom of silicon, or, in chem- 
ical terms, a silicide of carbon, having the formula SiC.* 
The reaction involved consists in the withdrawal by the car- 
bon of two atoms of oxygen from the silica of the sand or 


* For a very full and detailed account of the method of manufacture, the 
chemical and crystallographic properties of this compound, see this Journal, 
136, 194 ef seg. Art, Carborundum : its History, Manufacture and Uses, 
by E. G. Acheson. 
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clay, and the combination of the nascent silicon with a por. 
tion of the surplus highly heated carbon, according to the 
equation, 

SiO, + 3C = SiC + 2CO. 

It is well known to chemists that the forniation of a sili. 
cide of carbon by the direct reduction of silica with carbon 
has hitherto been impossible at any temperature attainable in 
the laboratory. By the employment of the heating effect of the 
electric arc in a furnace of the simple construction described 
above, in which the heat can be confined, the temperatures 
obtainable are so much greater than can be realized by any 
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Longitudinal section through furnace before passage of current. 


other known methods, that reactions heretofore deemed 
impossible are readily effected. In the hands of Moissan 
and others, the electric furnace has lately been made to yield 
results of a nature as extraordinary and unlooked-for as 
those which followed upon the first application by Davy of 
the voltaic battery to effect chemical decompositions. In 
employing the electric furnace method, therefore, to bring 
about the desired results, Mr. Acheson deserves the credit 
of having applied the only method by which it could have 
been successfully accomplished. 

At this point it is worthy of notice that Moissan, whose 
recent experimental work with the electric furnace has 
greatly extended our knowledge of chemical reactions tak- 
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ing place at enormously high temperatures, produced this 
same compound (SiC) and described its properties in a com- 
munication presented to the French Academy at the session 
of October, 1893; also, that Schiitzenberger formed it by 
the combined reducing action of carbon and silicon on silica. 
Mr. Acheson’s results were obtained and duly announced, 


Section through furnace before passage of current. 


however, before the publication, by these investigators, of 
their results. 

The interest attaching to this compound, because of its 
novelty and the mode of its production, is greatly increased 
by the remarkable properties which it exhibits. Those 
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Carborundum, not crystallized 
Carborundum crystals - 
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Section through furnace after passage of current. 


properties which are more particularly referred to are the 
following : 

Permanence.—Being formed at an enormously high tem- 
perature, itis natural to anticipate ‘that it would be stable 
at all temperatures below that of its formation; but in addi- 
tion to this stability, it appears to be capable of resisting 
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many of the most powerful chemical reagents. The only 
reagents that appear to be capable of decomposing it readily 
are the caustic and carbonated alkalies in the state of fusion. 

Infusibtlity—The substance appears to rank with the 
most infusible substances known, yielding only to the heat 
of the electric furnace. 

Hardness.—In this quality, the substance approaches, if, 
indeed, it does not equal, the diamond, the hardest of known 
substances. This quality is one which, at first, would not 
readily be recognized, being masked by the brittleness of 
the crystals. 

It is upon its hardness that the present and prospective 
applications of the material are based. It is, in brief, as an 
abrasive material, for grinding and polishing metals, glass 
and precious stones, that carborundum has been found to 
possess decided merits; and when its unique physical char- 
acteristics are so thoroughly understood that they may be 
utilized to the best advantage, the material, in all proba- 
bility, will rank among the most valuable abrasives known 
to the arts, It was first usefully applied for the cutting and 
polishing of diamonds and other precious stones, and from 
reliable evidence presented in the course of this investiga- 
tion, its cutting qualities will bear comparison with those 
of diamond dust. It is reported to be specially useful for 
polishing such gems, and one of the members of the sub- 
committee charged with this investigation, having tested 
the merits of the material on various gems, reports very 
favorably upon it. 

It is used in considerable quantity in the grinding of the 
glass stoppers and bulbs of the new Westinghouse electric 
incandescent lamps, for which service it answers very satis- 
factorily. It is found very efficient in certain finishing 
operations in machine work, as, for example, for brass valve 
grinding. Of late,it has been introduced in the form of 
small wheels, discs and points for use in dentistry in place 
of the corundum tools in general use, and finally, it has just 
been introduced in the market in the form of wheels of 
large size for general grinding and cutting purposes in 
machine work as a substitute for emery wheels. 
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The sub-committee charged with this investigation was 
supplied with a considerable number of samples of the 
material, in powder form and made up into wheels, with 
which to make trial of its usefulness. The results are 
given in what follows: 

A number of wheels of the sizes and grades indicated as 
most suitable for certain special uses were sent to a number 
of machine shops, whose proprietors had expressed their 
willingness to test them. (Their reports form part of the 


, record of this case and are accessible for reference.) 


The results of the tests of these large wheels were very 
contradictory, the wheels being pronounced very satisfac- 
tory by some, and being condemned by others, but in the 
main, the verdict was unfavorable. The absence of concor- 
dance in these results would seem to indicate the existence 
of faulty methods of manufacture, possibly the use of un- 
suitable binding material. It is certainly not unreasonable 
to assume that, when more experience has been gained with 
carborundum and its peculiar physical qualities are better 
understood, more uniform and better results may confidently 
be looked for. 

The smaller wheels and points made for dentists’ use 
were found to cut porcelain much faster than wheels of 
corundum and shellac of the corresponding sizes and grit, 
and to wear away more slowly than the latter. When used 
dry they cut faster than dry corundum wheels and do not 
glaze so readily as these. This quality makes their use 
cleanly for the operator. 

The results of these practical trials may fairly be sum- 
marized in the statements that the new material possesses 
remarkable properties as an abrasive, being the first artifi- 
cial substance thus far produced which compares favorably 
with bort in hardness and which is capable of being used as 
a substitute for it, that when its peculiarities are bet- 
ter understood it should be capable of yielding cutting 
wheels of high efficiency to take the place of abrasives in 
common use, and that should find general application in 
the arts wherever its price is not prohibitory. 

In consideration of the facts set forth, the Institute 
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recommends the award of the John Scott Legacy Premium 
and Medal to Edward G. Acheson, for his discovery of a 
new and valuable artificial abrasive material. 
Adopted at the stated meeting of the Committee on 
Science and the Arts, held Wednesday, February 7, 1894. 
JosEPH M. WILSON, President. 
Wo. H. WAHL, Secretary. 
Countersigned by 
ARTHUR BEARDSLEY, Chairman. 


[Copyrighted by the Author, 1894.) 


On GAS BURNERS, GAS PRESSURE REGULATORS 
AND GOVERNOR BURNERS, GAS GLOBES anp 
GLOBE HOLDERS, anp GAS FIXTURES. 


By Wo. Paul GERHARD, C.E., 
Consulting Engineer for Sanitary Works, New York City. 


[Continued from p. 343.] 


Il.—GAS PRESSURE REGULATORS, 


It is a well-known fact that the gas pressure in the sup- 
ply mains is constantly fluctuating, and that, at times and 
in certain districts, it is greatly in excess of what is required 
for proper combustion at the burners. Consumers are made 
aware of such excessive gas pressure by the roaring, hiss- 
ing or singing gas flames, by irregularly shaped gas jets 
and cracked globes, by the jumping up of flames and other 
irregularities. 

It is a popular fallacy that gas companies wilfully put on 
a high pressure at the works in order to make the con- 
sumers’ meters go faster. A moment’s reflection ought to 
convince any fair-minded person that this is not the case. 
If the above supposition were true, the gas companies 
would be the losers in two ways, viz.: 

(1) A high pressure leads to'a larger loss by leakage at 
the joints in the street mains, a loss usually estimated at 
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from seven to ten per cent. of the total gas output, but 
often largely in excess of this amount. 

(2) An excessive pressure would mean an increased con- 
sumption, or rather waste, of gas in all street lamps having 
ungoverned burners and which are not supplied through a 
meter, but for which gas companies are paid a fixed sum 
per year. 

It is, nevertheless, true that it is impracticable for gas 
companies to maintain a constant pressure in the street 
mains. 

In a town of small extent, with absolutely level districts 
and with centrally located gas works, a gas pressure of 
+° inches of water would be ample to supply all consumers. 
Such conditions, however, are quite exceptional, and, as a 
rule, owing to variations in levels of various districts, owing 
to various diameters of the gas supply mains, owing to the 
unavoidable friction in the pipes and the extreme distances 
to which gas has to be conducted from the works, the gas 
works are obliged to put on a high pressure, in order to in- 
sure a sufficient supply to the most distant consumers and 
to those located in low-lying districts. Again, the pressure 
in the house pipes and at the burners changes with the 
varying number of burners lit at one time in a dwelling, 
and also, and much more so, with the varying consumption 
in a street or in a district. These unavoidable fluctuations 
of pressure range from }% to ¢#% inches of water pressure. 

The evils of high gas pressure have long been recog- 
nized, and efforts made to avoid the same. An excess of 
pressure at the gas burner means imperfect combustion, 
loss of illuminating power, vitiation of the atmosphere, 
blowing and hissing gas jets and a wasteful use of gas. In 
speaking of burners, I have already stated that a high pres- 
sure and small burners are not to be recommended ; that on 
the contrary, ample volume of gas, issuing at a low pressure, 
from large burners, are desirable conditions for successful 
gas illumination. 

The following results of experiments, taken from an sthe 
paper by Mr. Butterworth, the general manager of the 
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Columbus (O.) Gas Company, exhibit clearly the evil effect 
of over-pressure at the burner: 


TABLe I. TABLE II. 


Common 3-foot Burner Tip. | Common 5-foot Burner Tip. 


Consumption in — 


feet per hour, 5°70 | 7°55 | 7°45 | 14720 


Candle-power,....... 13°36 [16°62 17°64 [18°88 [17°08 16°32 23°28 (21°80 |20'28 


Candle-power per cubic 
foot of gas } 


344 2°201 | | | | 2°264) 27025 | 1°658 | 1°428 

These experiments demonstrate the enormous waste of 
gas occurring with common burners, where no attempt is 
made to regulate the pressure. They also show that high 
pressure means a loss in candle-power; for whereas the 
consumption of gas doubled, the efficiency of the burner 
decreased fifty-seven per cent. for the three-foot burner, and 
fifty-three per cent. for the five-foot burner, showing a slight 
advantage in favor of the larger burner. 

There are various ways in which the gas pressure in the 
house pipes or at the burners may be controlled and 
checked. One rough method consists in throttling the 
main gas cock at the gas meter, and another in turning the 
gas keys at each fixture, 7. ¢.,at the burners. Both methods, 
however, are unsatisfactory and unreliable, because the con- 
trol of pressure is not automatic, and because it would ob- 
viously be impracticable to require the consumers to devote 
care, time and almost constant attention to the continual 
adjustment of the burner keys, made necessary by the con- 
stant fluctuations in the pressure. 

A multitude of check burners have been devised, all having 
in view a retardation of the velocity with which gas escapes 
at the burners. This they accomplish to a certain extent, 
but as the obstructing material is, as a rule, fixed in the 
burner and cannot be adjusted, whereas the pressure fluctu- 
ates constantly, it is obvious that check burners cannot and 
do not attempt to regulate the flow of gas or govern the 
pressure. Even the best of check burners, having adjust- 
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able checks, would require a frequent adjustment during 
the evening hours and, therefore, would have no advantage 
over the simpler method of checking the flow by turning 
the gas keys. All that can really be said in favor of check 
burners is that they are better than the common gas burners 
and that they are somewhat cheaper than automatic gov- 
ernor burners. The Empire burner, the Young America, 
the Broenner, Leoni and Bray burners, Sugg’s “ Winsor” 
burner, Gregory's mica check burner and Silber’s batswing 
burner, having a lower chamber in which the gas expands 
and thus escapes at the slit of the burner tip under dimin- 
ished pressure, are examples of this class. 

From Mr. Butterworth’s paper I quote again two tests of 
consumption and efficiency, made with a five-foot Empire 
check burner and a No. 6 Bray special burner; 


| 


TABLE III. i TABLE IV. 
5-foot Empire Check Burner. | | No. 6 Bray Special Burner. 
: 
3°10 | 4705 | 4°85 | 5°50 | 6'os i 610 | 7°75 | |10'25 
Candle-power,....... 0°24 [12°44 | 15°18 18°04 [18°56 20°74 (22°72 
| 
| | 2°981| 37078 | 37129 3044) 2°982 — 


It is evident, from the above observations, that check 
burners do not prevent wasteful use of gas, that they do 
not control gas pressure and that the gas consumption of 
check burners necessarily varies with the pressure. In the 
above tests the consumption of the Empire burner was 
nearly doubled when the pressure increased from }$ to 
$0, whereas the candle-power per unit of gas consumption 
remained the same. 

While the gas works may, by using station and district 
governors, reduce, or control to a certain extent, the pres- 
sure in the street mains, it is obviously desirable that the 
consumers should use means in their houses for controlling 
the gas pressure automatically. Gas companies long ago 
recognized the evils of excessive pressure, and also the fact 
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that economy in lighting depends upon its efficient control. 
Where they undertake to furnish public illumination of 
streets and squares by contract with the city for a stated 
fixed annual sum of money for each street lamp, they there- 
fore, applied to the burners automatic means for controlling 
the pressure and thus preventing waste of gas. 

Two entirely different methods may be adopted by the 
consumer to effect an automatic control of the gas pressure. 
He may apply an automatic gas governor on the house ser- 
vice pipe at the meter, which regulates and reduces the 
pressure in the whole house pipe system, or else he may use 


_automatic gas governor burners, which control the volume 


of gas supplied to each light separately, establishing a con- 
stant consumption at each burner, while leaving the full 
pressure in the house pipes. 

There are a large number of gas pressure regulators in the 
market, and as itis the chief object of this paper to point out 
to the consumer that there are means available for efficient 
control of the gas pressure, rather than to offer a detailed de- 
scription of these devices, many of which are quite similar in 
principle and in construction, I will simply state that there 
are two kinds of pressure regulators, namely, the dry and 
the wet regulators, the former using a leather diaphragm, 
whereas the latter use a float, cup or bell, dipping either in 
glycerine or else in mercury. 

The Sugg diaphragm pressure regulator and Peebles’ 
diaphragm regulator are examples of English devices of the 
first class, whereas the Stott, Shaw, Sugg, Bower, Ewart, 
Brown’s “Excelsior” and Peebles’ mercury, are English 
pressure regulators belonging to the second class. 

The “National” automatic and the Amick gas regula- 
tors are American liquid governors, having a brass globe 
floating in a seal of glycerine, and the Beattie, O'Gorman 
and Patterson regulators are examples of American mer- 
cury seal regulators. Some of these are obtainable for sale, 
whereas others are only placed on rental in the houses of 
consumers by companies obtaining a revenue from the sav- 
ing effected, as shown by the monthly gas bills. 

It is an essential condition, where pressure regulators 
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are applied, that the house pipes should be very ample in 
size, that there are as few elbows or bends in the pipes as 
possible, and that the tubing of gas fixtures, the aperture 
of gas keys and the slits of the burners are large; in other 
words, that the volume of gas supplied to the burners is 
ample, otherwise the inevitable result of a control of pres- 
sure is a paucity of light. Therefore, such pressure regula- 
tors should never be used by consumers where the above con- 
ditions are not complied with, otherwise the remedy might 
prove worse than the evil complained of. It is equally use- 
less to apply pressure regulators to houses in low-lying 
districts where the pressure is already low. In all cases 
the saving in gas consumption, which is the result of a 
reduction in gas pressure, should be effected without any 
loss of illuminating power. 

A pressure regulator placed on the service pipe of a 
house reduces an excessive gas pressure and secures a 
tolerable uniformity of pressure and supply at all burners ; 
but thisis only true of buildings with small floor area and of 
few stories in height. For large factories and halls with 
many lights on the same level, where the whole number is 
always lighted, a pressure regulator will answer. In the 
case of large buildings and in all buildings of many stories, 
on the other hand, an absolucely uniform pressure is not 
attained, because no matter how well the distribution pipe 
system has been calculated and arranged, there is necessarily 
some loss of pressure through friction in long pipes and at 
elbows, so that the gas at burners situated at a distance 
flows at a lower pressure. Owing to its specific gravity, 
which is not quite one-half that of air, gas tends to gain 
in pressure with increased elevation, each rise of ten feet 
vertically adding one-tenth inch of water pressure. This 
explains why, in high buildings, even with a pressure regu- 
lator at the meter, the gas pressure increases for each 
floor, causing the burners in upper stories to “blow.” 
Therefore, the better method in such cases is to qweride a 
governor on each floor. 

It is sometimes feasible in cases where the number of 
burners lighted remains constant,and where the pressure 


a 
| 
| 
| 
| j 
| 
| 
| 
te 
f 


414 Gerhard : (J. F. 1, 


varies only slightly, to control and reduce the pressure on 
each floor level by a governor, and in addition to use a good 
check burner at the fixtures. Sugg’s “ Winsor” screw 
regulating burner has been devised with this special object 
in view. 

The best and surest remedy, undoubtedly, consists in the 
use of automatic acting governor burners at all fixtures. 
Governor burners must not be confounded with check burn- 
ers, which only retard, whereas governor burners regulate, 
the flow of gas in such a way that, as the pressure increases, 
their regulating action increases and vice versa. Such 
. governor burners cause the gas to issue at the burner in a 
constant volume, no matter what the pressure in the ser- 
vice pipe is, hence the name “ Volumetric” burners is 
sometimes applied to them. 

The first automatic regulating burners were devised for 
street lamps, and they were sometimes very clumsy in shape, 
casting large shadows downwards. They have been much 
improved of late years, and now there are several good gov- 
ernor burners obtainable which are compact in shape and 
which act almost perfectly in regulating the supply to the 
burners, and in preventing gas from flowing out under 
excessive pressure. Even governor burners, however, may 
in time clog up, and will require occasional cleaning. 

There are many different makes of volumetric burners, 
and it is not my intention to describe any of them in detail. 
Briefly stated, the flow of gas is controlled in them by a 
light cup, cone or disc, placed in an enlarged chamber of 
the burner, which floats up or down as gas pressure increases 
or diminishes, and being connected with a valve at the 
entrance to the burner, it opens or closes the same, and thus 
causes more gas to be admitted when the pressure fails, and 
when the pressure rises it reduces the supply. 

Volumetric governor burners are equally applicable to 
flat-flame, round-flame, regenerative and incandescent burn- 
ers. The best regenerative lamps ate always fitted up with 
such a regulator, and likewise are the Argand and flat-flame 
burner lamps of the highest make always sold with them. 

Among the best-known governor burners I mention those 
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of Giroud, Wilder, Sugg, Peebles and Lux, the first one 
being a French burner, the second a burner of American 
make, the third of English, the fourth of Scotch make, and 
the last one being a German volumetric burner. 

Other burners, not so well known or extensively used, 
are the Rappleye rheometric governor burner, endorsed in 
1882 by the Committee on Science and Arts of the Franklin 
Institute; the Champion burner, patented by Van Wies in 
1890; the Chamberlain, Boore and Jackson burners, all 
of American make; the Schuelke adjustable gas governor 
burner, of German make, and the Orme, Hawkins and Acme 
burners, of English make, the Hawkins burner being the 
only governor burner with union jet tip known to me. 

My list does not pretend to be exhaustive, and it is quite 
possible that I may have unintentionally omitted some good 
burners which have not come to my notice. 

The Wilder volumetric governor burner is the invention 
of Moses G. Wilder, M.E., of Philadelphia, who obtained a 
patent for it in 1880. This burner is a good example of an 
American governor burner, and it is suitable not only for 
flat-flame and Argand burners, but also for regenerative 
lamps and for the Welsbach incandescent light. The maker, 
in describing it, states that it is not a pressure reducer or 
regulator, that the flow of gas through it is not changed by 
very wide variations of pressure, and that it secures a uni- 
form rate of supply to the burner, with little or no reduc- 
tion of pressure. 

The inventor of the Boore burner, Mr. Lewis Boore, of 
Buffalo, N. Y., states that he endeavored to produce a reli- 
able and simple automatic governor burner of low cost, 
which would indicate practically correctly for a very wide 
range of pressure, without having such an extreme accu- 
racy or such close adjustment as to destroy its utility. 

Wm. Sugg & Co. make two kinds of volumetric burners, 
a steatite float governor and a leather diaphragm governor 
burner. 

Sugg’s patent “Alexandra” governor burners combine 
great economy with efficiency, and produce a brilliant, white, 
silent light. They are fitted with steatite float governor, 
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and the superior light attained is also a result of adopting 
double annealed Albatrine globes with wide opening. An 
even better flat-flame burner by the same maker is Sugg’s 
patent “Christiania” governor burner, fitted with a specially 
prepared leather diaphragm governor, with Sugg’s patent 
table top circular slit steatite burner tip. Sugg’s London 
improved Argand burner always has a governor burner 
attached to the fixture. 

Mr. Wilder calls attention to the fact that his governor 
burner, to operate well, requires a full street pressure. This 
rule is applicable to all volumetric burners ; hence, where 
these are used, a pressure regulator should not be used at 
the meter. 

In order to show, by actual experiments, how nearly 
uniform the consumption of gas remains with governor 
burners, I refer the reader again to Mr. Butterworth’s able 
paper on governor burners, wherein is published the fol- 
lowing table, showing the gas consumption of a number of 
such burners under varying pressures : 


TABLE V. 


Six-foot governor burner,. . 6°20 6°20 6°35 6°30 6°25 6°25 6°40 
Six-foot governor burner,. . 5°95 6°50 6°20 6°20 6°05 615 6°05 
Five-foot governor burner, . 4°50 4°50 4°55 4°55 465 465 4°60 
Five-foot governor burner, . 4°50 4°65 4°55 4°65 4°70 465 4°55 
Five-foot governor burner, . 4°90 4°95 4°95 4°95 4°90 4°90 4°90 


Adjustable burner, ..... 560 5°50 5°40 5°30 5°07 4°80 4°60 
Adjustable burner, ..... 4°96 5°97 61g 605 5°89 5 6 
Adjustable burner, .... . 495 495 495 495 495 495 4°95 


The last burnerin the table showed a perfect uniformity 
of supply under the wide range of pressures used in the 
test. Some of these governor burners are adjustable, and 
if they are required to pass a certain quantity of gas per 
hour, a nice adjustment is necessary, which can only be 
accomplished if the candle power and quality of gas, its 
pressure and specific gravity are known. A governor 
burner adjusted for a gas of certain specific gravity would 
not remain correct for a gas of different density, or for any 
temperature which would change the density. 
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Both, the pressure regulators on the main service pipe 
and the governor burners, accomplish a saving in gas con- 
sumption by preventing useless waste, amounting to a 
reduction of from twenty to forty per cent. in the gas bills. 
Other incidental advantages gained are: a great improve- 
ment in the steadiness of a gas flame without regard to the 
number of burners lit or the constantly changing street 
pressure ; the hissing or roaring noise, the blowing, and the 
flickering of lights is prevented ; the illumination becomes 
stronger; the smoking of Argand burners is prevented, and 
the air of the room is vitiated to a much smaller extent by 
the products of imperfect combustion. With governor 
burners, however, these results are attained in a higher 
degree than with pressure regulators on the service pipe. 

To sum up, practical considerations must decide which 
form of regulation it is best to adopt. In this connection 
the following rules are to be recommended, viz. : 

(a) Wtere the street mains are large and the differences 
of level insignificant, use either check burners or volumetric 
burners. 

(0) Where the street mains are small, or the pressure is 
low or the house pipe insufficient, neither method of regula- 
tion should be employed. 

(c) Where the town is hilly and there are considerable 
differences of elevation in the districts, a pressure regulator 
will answer, provided the house pipes are large, the gas 
keys full bore, and the building only a few stories in height, 
and not of great extent laterally. 

(7) Where in such districts the buildings are high or 
very large, a pressure regulator on each floor should be used, 
together with regulating check burners at the fixtures, but 
in such cases governor burners are a simpler remedy, and 
are, therefore, to be preferred. 


Ill.— GLASS GLOBES AND GLOBE HOLDERS. 


Flat-flame burners are, as a rule, surrounded with glass 
globes, and practical experience and observation have 
established the fact that if these are unsuitably arranged 
or of improper shape, they constitute another factor, caus- 
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ing deficient illumination, imperfect combustion, and fre. 
quently a waste of gas and a corresponding increase in the 
gas bills. 

Gas globes are used chiefly to protect open flames against 
draught, and thereby to prevent the annoying unsteadiness 
and flickering of lights. They are also employed to shade 
the eyes from the direct glare of the light, to diffuse and 
soften the light, also to add to the good externalappearance 
of gas fixtures; and finally, gas globes are, for safety’s sake, 
placed over naked lights to shield the flame from coming 
into direct contact with inflammable materials. From all 
of which it follows that gas globes are used for utility even 
more than for ornament, hence their design and construc- 
tion should be based on sound principles. 

In order to obtain good illumination, and to avoid the 
flickering of gas lights,the air necessary for combustion 
should be brought to the flame in a slow, uniform and steady 
current. If the air supply is insufficient a flame is apt to 
smoke and will blacken ceilings and contaminate the air. 
If the air rushes to the flame in a violent manner, this will 
destroy the steadiness of the light, the light will flicker and 
jump, and it has the further detrimental effect of cooling 
the flame, and thereby reducing its brilliancy. 

The old style glass globes were quite defective in shape, 
form and material. They were made with very narrow top 
and bottom openings, or if tulip-shaped and widening at the 
top, the bottom opening was extremely narrow, being often 
but one and one-half or two inchesin diameter, and, where 
‘such globes were in use, the ceiling was often the only well- 
illuminated place. The result was that, owing to the small- 
ness of the bottom aperture, the contracted globe acted like 
a chimney, causing the air current to impinge upon the 
flame to such an extent as to seriously disturb the flame, 
and thereby causing same to flicker in a distressing manner. 
Another defect of the old style globes is that they form 
dust traps, and that they are readily soiled in lighting. 

If, added to this defect in the globes, the gas pressure at 
the burner was excessive, the resulting illumination neces- 
sarily was very imperfect. To determine the actual loss of 
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light due to small openings in globes, Dr. Wallace made a 
series of experiments, which showed the following results: 

A naked flame was tested and found to give 16°8 candle 
light. The same flame, surrounded with a seven and one-half 
inch diameter clear globe, with two and three-eighth inch 
bottom opening, gave 15°4 candle lights, or loss of 8°3 per 
cent. The same flame, surrounded with a seven and one-half 
inch diameter clear globe, with two and one-quarter bottom 
opening gave 15'2 candle light, or loss of 9°5 per cent. The 
same flame, surrounded with a seven and one-half inch 
diameter clear globe, with two inch bottom opening, gave 
13°6 candle light, or loss of nineteen percent. The same 
flame, surrounded with a seven and one-half inch diameter 
clear globe, with one and one-half inch bottom opening gave 
13° candle light, or loss of twenty-two per cent. The same 
flame, surrounded with a seven and one-half inch diameter 
clear globe, with one inch bottom opening, gave 12° candle 
light, or loss of 28°6 per cent. 

All glass globes, moreover, absorb a certain amount of 
light, and theloss of light and corresponding waste of gas 
due to this cause increases the more opaque the glass globe 
is. Faney “ruby” or other colored, etched or otherwise 
decorated globes in particular obstruct a large amount of 
light, and hence increase gas bills by the necessity of keep- 
ing a larger number of lights burning on achandelier. It is 
stated on good authority that light is obstructed as follows: 


Fer cent. 
By globes ground all over, 25°40 
By opal thick glass globes, . 35°60 
By colored or painted globes,. ++... 64 


Lastly, the globes with narrow bottom and wide top 
opening are objectionable, because instead of casting light 
outward and downward by reflection, they throw the great- 
est amount of light up to the ceiling, where it is not wanted. 

It matters little how attractive in shape and artistic in 
outline such old style globes are; as long as they tend to 
disturb the flame they are clearly objectionable. These 
defects have been gradually recognized, and such globes 
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with contracted openings happily are now being discarded. 
The new form of globes has wide bottom openings, which 
admit the air without causing a draft; the shape of the 
globe is designed more with a due regard to its proper 
functions than solely from a decorative point of view. Such 
globes induce a straight, upward, gentle current of air, and 
the flame remains steady and bright. All globes of modern 
construction have bottom openings four and five inches in 
diameter, and have the incidental advantage that a por- 
tion of the light falls directly downward without being 
obstructed. 

The Sugg “ Alexandra” and “Christiania” burners are 
surrounded with globes of most desirable shape and mate- 
rial; the Broenner burners have similarly shaped “ Cor- 
nelian” globes; and Wilder, in the description of his volume- 
tric burner, recommends globes four and one-half inches in 
diameter at the bottom and five and one-half inches at the 
top. 

Regarding the material for globes, clear crystal glass is 
the best, because it absorbs the least light. Still, it often- 
times becomes desirable to render the light of a gas flame 
soft and mellow, and for such cases thin milk-white opal 
globes are best and quite effective. Sugg uses with his best 
flat flame governor burners double annealed large size 
globes, with wide bottom opening, which he calls “ Alba- 
trine”” globes, and which give a particular softness to the 
light. The cheaper kind of thick opaque white glass globes 
should be avoided, as they intercept as much as seventy to 
eighty per cent. of light. 

In connection with globes, it is noteworthy that somewhat 
increased illumination is obtained by using globe holders 
which 4re as little light obstructing as possible, 7. ¢., very 
thin sheet brass or brass wire globe holders. The old style 
fixtures had heavy and cumbrous cast brass holders, or 
heavy discs, triangles or rings, all of which are objection- 
able, because they intercept a portion of the light, and cast 
a shadow downward and thereby cause a loss of light. The 
new shadowless globe holders, made of three simple prongs 
of brass wire, not more than one-eighth of an inch thick, and 
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without any rims whatever, are recommended by all dealers 
in advanced gas light fixtures. 

Lastly, the position of the glass globe in reference to the 
gas flame is of a good deal of importance where it is desired 
to secure a steady, bright light. It has been found long 
ago, by experiment, that by arranging a shadowless globe 
holder on the burner in such a manner as to place the level 
of the bottom of the flame in line with the bottom edge of 
the globe, the flame will burn very quietly and steadily, 
and will not be affected much, if any, by the ascending air 
current, whereasif the flameis set higher it is apt to flicker. 

This correct position and shape ofa glass globe has been 
pointed out repeatedly by such gas engineers as Wilder, 
Peebles, Sugg, Broenner, Silber and others, in connection 
with their gas burning appliances; but on the whole, in 
practice, little attention has been paid to this simple yet 


efficient rule. 
[To be concluded.} 


EMERY anp OTHER ABRASIVES.* 


By T. DUNKIN PARET, 
President of the Tanite Company. 


[Concluded from p. 372.) 


While small specimens’ of corundum, in the form of 
imperfect sapphires, have come from Montana, where the 
existence of this mineral has long been known, no other 
locality has yielded corundum except that well-known belt 
which reaches from Massachusetts to Georgia, and which 
seems to have its center in the corner where North and 
South Carolina, Georgia and Tennessee come together. In 
this belt the localities where corundum occurs are innum- 
erable, but the prevalence of the mineral is a poor indica- 
tion of its quantity. Corundum occurs in pockets, seams, 
sand veins, narrow streaks and detached crystals, seldom in 
large mass. Chester County, Pa., is, apparently, the only 
locality where large solid masses have been found. The 
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largest annual product of American corundum has been 64; 
tons, and, though corundum mining companies have multi- 
plied rapidly during the last few years, the commercial 
supply has never been more precarious. 

Unlike corundum, emery consolidates in large masses. 
It does not, indeed, form continuous beds of great extent, like 
coal or iron, but its discontinuous masses and veins some- 
times contain hundreds of tons. The emery-bearing local- 
ity in Westchester County, N. Y., is a strip from one-half 
to three-fourths of a mile in width, and from five to six 
miles in length. The geology of this district and the occur- 
rence of emery in it might be described in almost the same 
language as that which Dr. Smith applies to the celebrated 
emery district near Ephesus in Asia Minor. 

Dr. Smith* says “all the rocks of the surrounding country 
appear to belong to the old series; the limestone is entirely 
devoid of fossils and metamorphic in character; it rests on 
the older schists of which mica schist appears the most 
abundant; and this again farther to the north was traced 
in contact with gneiss. The limestone is of a light blue 
passing into coarse-grained marble.” ‘The place, how- 
ever, to which it is traced in greatest abundance, is on a part 
of the summit about three miles from the village of 
Gumuch, and some 1,500 to 2,000 feet above the level of the 
valley ; it overlooks the magnificent plain of the Miandre, 
whose curiously tortuous course is seen as if traced on a map. 
The emery lies scattered on the surface * * * in 
angular fragments of a dark color, and large masses of 
several tons weight are seen projecting above the surface ; 
in penetrating the soil, the emery is found embedded in it 
and a little further down it is come to in the rock.” “Some 
times the emery forms a solid mass several yards in length 
and breadth.” 

In describing the Westchester County emery beds, we 
would say that the place in which the largest number of 
openings have been made, and which has excited the most 
interest, is on a part of the summit about three miles from 


* Am. Jour. Scit.and Arts. 2, x, 356. 
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the town of Peekskill, and about 700 to 800 feet above 


tide level. It overlooks on the one side, the valley of the 


Croton, whose stream is invisible, and on the other side, the 
Hudson, whose distant waters look like some lake in a 
painting. On the north and northeast of the emery belt 
are outcrops of granite. South of it lies the common mar- 
ble of Sing Sing—still further south, at Spuyten Duyvil, 
occur the oldest of the Laurentian gneisses, and still further 
south, on Manhattan Island, the mica schist. The emery is, 
however, all immediately associated with a hornblende rock. 
Large masses of emery are seen projecting above the sur- 
face. These are delusive, and those which hold out a large 
promise are sometimes found to extend only one or two feet 
underground and to yield only five to twenty tons. Such 
masses are usually surrounded by soft, reddish earth. 

Dr. Smith says of the Turkish locality, “the earth in the 
neighborhood of the blocks of emery is almost always of 
a red color, and serves as an indication to those who are in 
search of the mineral.” In Westchester, the red earth is not 
an indication, for there is within the emery belt an iron-bear- 
ing rock which decomposes very rapidly and forms a red 
earth, while there is no emery associated with it. There is 
no sign of fracture in these discontinuous masses of moder- 
ate size, and they occur on the very tops of hills and 
under such circumstances as to indicate that they are not 
boulders and have not broken down from higher cliffs. As 
in Turkey, so also here, “in penetrating the soil, the emery 
is found embedded in it, and alittle further down it is come 
to in the rock.” Small fragments turned up by the plow in 
cultivated fields are sometimes the first indications. Search 
in their neighborhood reveals other fragments embedded in 
the earth, and near these and lower is found the rock. Some- 
times this only approaches the surface and forms such a 
small point that it might lie undiscovered for years. Inone 
place discovery on the surface of a very fine grained, pure 
block, weighing about 200 pounds, stimulated search which 
was continued at intervals, fruitlessly, for several years. 
Other varieties were discovered, but no sample like the orig- 
inal. Several blasts were made within a few feet of the nar- 
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row point which just fell short of reaching the surface, and 
yet did not disclose it. A lucky blast uncovered it, and over 
100 tons of uniform quality were taken out, leaving it far 
from exhausted. As in Turkey, so also here, “the emery 
lies scattered on the surface * * * in angular frag- 
ments of a dark color,” but at this point my description 
must differ from that of Dr. Smith. He says: “in no place 
does it present anything like a vein, nor has it signs of 
stratification.” I find, in Westchester, that the angular pieces 
generally indicate veins. Such veins are distinct and 
numerous. The regularity with which they thin out at the 
edges and thicken at the centre suggests true lenticular 
beds, though there are, of course, exceptions to the rule. 
The quite regular recurrence of seams separated, but par- 
allel, strongly suggests stratification. These seams occur 
in the solid rock and the emery breaks freely from it, it being 
a most unusual thing to find any adherence of the top or bed 
rock. 

Emery from veins breaks easily, with flat sides and sharp 
angles. These sides, when dry, often seem painted, so 
bright are they with yellow and red, and sometimes they 
take on an almost iridescent tint, with sheen of pink and 
green. Strangely enough, large amorphous masses are 
sometimes found, disconnected from rock, and lying between 
the regular veins. These amorphous masses, whether they 
be small or large, present no angular outlines, and do not 
break up in such flat-sided pieces as do the seams. It should 
be noted that the angularity of the vein emery is not due 
to its being freshly mined. The broken-down edges of 
veins, found in fragments on the hill-sides far below the 
veins, and which have weathered for hundreds or thousands 
of years, seem as sharp and unaltered as those freshly 
broken. The amorphous masses, on the other hand, are so 
destitute of cleavage that continued use of a heavy sledge 
hammer only batters them into shapeless pieces. The 
emery in each vein is of comparatively uniform quality 
though differences can sometimes be detected in blocks 
lying side by side. That in the amorphous masses varies 
far more. One such mass, of yet unascertained quality, I 
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estimate, by a rough calculation of its cubic contents, to 
contain from 500 to 700 tons. This mass was jokingly 
christened by the miners as “ Knight’s bonanza.” It was of 
a light grayish color, not markedly different from the 
top and bed rock, from which it stood out almost separately 
on all sides, and like those rocks, was covered with gray 
moss. The owner decided that all the rock was alike and 
estimated that there were hundreds of thousands of tons. 

The emery of this district presents easily discernible 
differences. Some is coarse grained, some fine, some black 
and shiny, some gray. Some is uniform in color, some 
distinctly streaked. 

This deposit was described about twenty years ago by 
Dr. J. P. Kimball, and his classification agrees with my own. 
He describes two classes as “ granular, massive, resinous,” 
giving a slightly different analysis for each. I should 
say one coarse and one fine. A third he describes as a 
“banded variety, gray in general color, and sparkling, from 
the presence of a micaceous mineral.” A fourth, as a 
“quartzose variety, gray and sparkling, like number three 
but without a banded or gneissic structure.” 

Inasmuch as the “Emery Manufacturers’ Association” 
has issued a circular referring to the product of these 
mines as “a spurious article of emery,” and referring to its 
ore as “inferior or comparatively worthless stone,” the 
opinion of Dr, Kimball is worth consideration. It deserves 
additional weight because his investigation had no reference 
whatever to the use of this ore as an abrasive. It was 
solely with the view of its use in iron metallurgy that his 
study was made. The analyses he refers to were made by 
Dr. C. F. Chandler and Mr. F. A. Cairns. Dr. Kimball says, 
“The above analyses, together with the physical and 
mineralogical features of this material, serve to identify its 
character as a mixture of corundum with magnetite, slightly 
titaniferous, as usual, when thus associated, analogous to 
the emery of Chester, Mass., and its proportions bearing a 
still closer resemblance to specimens obtained by Dr. Genth, 
from the Goldboro ore belt of North Carolina in 1871, and 
analyzed by that chemist.” Dr. Kimball's article is entitled 
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“Emery and its Uses in Iron Metallurgy,” and throughout 
this lengthened essay he always refers to the Westchester 
ores as emery. It is an admitted fact that the percentage 
of alumina in these ores is less than that in the Greek and 
Turkish samples analyzed by Dr. Smith, but I have already 
shown that the effective hardness of Dr. Smith’s samples 
was not proportioned to the percentage of alumina. I have 
also shown that American corundum has been sold at the 
highest price commanded by a genuine article, though its 
percentage of alumina was much less than that contained 
in the Westchester ores, and though it contained no 
insoluble corundum at all. In fact, Dr. Chatard* says of 


* The six analyses of Dr. Chatard referred to in this lecture were made 
at my request, and were from samples of commercial material. These 
samples were reduced to such fine powder that their identity was destroyed. 
With their origin unknown and their superficial characteristics obscured, Dr. 
Chatard, from chemical analysis alone, pronounces one sample of commercial 
corundum (southern) to be from a non-corundum-bearing rock and having no 
insoluble corundum at all. The sample of Westchester emery, which con- 
tained 10°14 of insoluble corundum, he classed as spinel. 

As bearing strongly on popular beliefs as to the differences between 
imported‘and domestic emery, it is worth while to sum up the opinions of 
distinguished scientific men as to the identity and characters of various 
emeries. 

Dr. Charles T. Jackson* gives analyses showing that the proportions of 
alumina and iron in Chester, Mass., emery agree closely with those of Naxos 
emery, and states that praetical trial in armories and machine shops proved 
the Chester emery fully equal to the Naxos. Dr. J. Lawrence Smithf states 
that he considers ‘‘the Chester mineral as true an emery as that of Naxos.” 
Dr. J. P. Kimball{ states that the analyses of Westchester emery identify it 
‘‘as a mixture of corundum with magnetite analogous to the emery of 
Chester.’? Dr. Smith|] confirms Dr. Chatard’s recent identification of West- 
chester emery with spinel by pronouncing all emery spinel. In commenting 
on the discussion of Professors Jackson and Shepard, as to whether emery 
was a granular variety of corundum or a separate species, Dr. Smith says: 
‘the question as to the mineralogical position of emery can be easily settled 
without resorting to any new mineral species. It is simply a massive 
iron spinel (hercynite) with the anomaly of having a hardness equal to 
corundum,”’ 


* Am. Jour. Sci. and Arts. 2, xxxix, 90: 

+ Am. Jour. Sci. and Arts, 2, xiii, 89. 

t Am. Chemist, date unknown ; republished in The Emery Grinder. April, 1874. 
Am. Jour. Sct. and Arts. 2, xiii, 83. 


it that “the sample contained in all probability no corun- 
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dum at all, being only an ordinary silicate.” It was so much 
of a silicate that it contained 44°64 per cent. of silica, while 
the largest percentage in any sample of emery analyzed by 
Drs. Smith and Chatard was only 9°63 per cent. 

Having shown that the chemical proportions of emery 
and corundum bear no direct ratio to price or effective 
hardness, we have now to consider whether there is a direct 
relation between effective hardness and abrasive value. In 
his article on “ Mineralogy ” in the Encyclopedia Britannica, 
Prof. M. F. Heddle distinguishes two forms of hardness. He 
explains the established scale of hardness which culminates 
in the diamond, and shows how the file test is applied. But 
he then goes on to show that minerals may appear soft 
under the file test while they scratch other minerals on 
which the file has no effect. This he says is because the 
particles are hard but loosely aggregated. Dr. Smith, also, 
dwells upon this point. He says that his glass and agate 
test for abrasive effect does not furnish the mineralogical 
hardness,* “two minerals possessing the same hardness but 
differing in structure, one being friable, and the other 
resisting, will be found very different in their abrasive 
effects.” The inference which Dr. Smith draws is against 
the friable and in favor of the resisting material. This 
inference is perfectly correct so far as it relates to the exact 
method by which Dr. Smith secured his result, or in so far 
as it may relate to practical processes which reproduce Dr. 
Smith's conditions. It is utterly inaccurate and misleading 
so far as it refers to the larger proportion of modern pro- 
cesses in which abrasives are used. I am inclined to think 
that Dr. Smith’s test for effective hardness by use of glass 
and agate is responsible for the almost hopeless confusion 
which exists to-day regarding the requisites of a good abra- 
sive. The general inference is that hardness is the prime 
requisite. 

Practical operations in emery mining prove that this 
inference is a mistaken one. It is no uncommon thing to 
find the rock overlying an emery vein harder than the 


* Amer. Jour. Sci.and Arts. 2, x, 363. 
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emery. Thatis tosay, it is more resisting to the action ofa 
drill, dulling the tool more rapidly and demanding more 
time to drill an equal distance. If the class of hardness 
shown by this rock were the right kind, it ought to makea 
good abrasive, but actual trial shows that it does not do so. 
Its hardness is probably due to its compact aggregation. 

In Dr. Smith’s famous test, which has been copied by all 
his followers, separate grains of emery, not bound to each 
other or to anything else, but rolling and moving freely, are 
rubbed between two pieces of glass or between glass and 
agate. If these grains are loosely aggregated or if they are 

_of bad shape (for instance, flat and thin, with splintery 
edges), they will, being unsupported, crush down rapidly 
between the hard opposing surfaces, while fragments of 
diamond or sapphire would stand up larger and do more 
work. 

The practical question, however, is, how many modern 
processes reproduce Dr. Smith’s test conditions. Emery is 
principally used on wood and leather wheels, in solid wheels 
and in the form of emery cloth or paper. It is also used 
on the lapidary’s wheel. If the latter is a lead wheel the 
emery becomes embedded in the lead, the lead being 
selected because it is soft enough to allow of the emery 
grains sinking into it, and so being supported and backed 
up. When used on the wood and leather wheel emery is 
attached to the leather band by a coat of the strongest, 
toughest glue. The emery is forced into the hot, plastic 
glue, which fills all interstices in the grain, adapts itself to 
every peculiarity of shape, and then hardens into a per- 
fectly fitted bed or backing which supports and braces the 
grain. When used in solid wheels emery is still more thor- 
oughly braced and backed up, for it is first mixed with a 
base and then united with such base by gums, glues or 
cements, aided by the processes of slow drying, baking heat, 
vitrifaction, tamping and hydraulic pressure. When emery 
is used to make emery cloth and paper it is also bedded in 
and backed up by glue. 

In not one of these cases do the emery grains have any 
free motion of their own. They do not change place in 
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relation to each other, and are not worn-out by the friction 
of emery with emery. They do not break down and crush 
to pieces, for they are not only backed but surrounded by 
their protecting matrix, and so cannot flatten, spread and 
squeeze apart as does a free, unsupported grain of which 
only a small part comes in contact with the opposing sur- 
faces. Still another vital condition of Dr. Smith's test is 
lacking in the cases of the lead wheel, the leather-covered 
wheel, and the emery cloth and paper. In these cases the 
emery is not rubbed between two unyielding surfaces, such 
as glass and agate, but between one yielding and one 
unyielding. Before the grain can crush, the leather, gen- 
erally chosen for its sponginess and compressibility, will 
yield—the lead will allow the grain to sink deeper in its 
surface, the cloth and paper will do the same. These latter, 
so thin as to possess little compressibility, are often backed 
up by the human hand, which affords the same cushion as 
does the spongy walrus or sea-horse. R 

Of these differences in the conditions of use the ordinary 
buyer takes no more note than does the professional expert, 
He applies, in a rough way, the same sort of test as does the 
expert—a test which only shows what the emery will do 
under conditions entirely different from those in which it 
will be used. He placed some of the emery on a smooth, 
solid piece of metal, and presses it as hard as he can, and 
with a sliding motion, with another piece of metal. If the 
grains are loosely aggregated or badly shaped they crush 
to pieces and the emery is condemned. Another test is to 
place the emery in the palm of the hand and rub it together 
with the thumb or finger. Here the emery is used as an 
abrasive agent to destroy itself. The thin edges and sharp 
corners are ground off and the emery is condemned as soft 
and dirty. 

It appears, therefore, that looseness of aggregation, or 
friability, and also the shape of grain, may be of importance. 
It isin the larger grains that friability shows most markedly, 
and it is quite probable that this friability differs very 
greatly in grains of different size. If emery is a varied 
mechanical mixture minute subdivision may lessen the 
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variety of materials in each grain and so alter the standard 
of cohesion and aggregation. Where the grain, in crushing 
down, sets free particles of pure sapphire, it seems clear that 
these will not crush to pieces as the more heterogeneous 
grain did. Even ifacoarse grain were proved too friable 
for some special work it would not follow that finer emery 
from the same ore was also too friable. It is an important 
fact that the proportion of coarse grain in use has greatly 
diminished and that few processes really demand a very 
coarse and a very resisting grain. The manufacturers of 
plows and of fire-proof safes, and the workers in granite are 
those who seem most inclined tocoarseemery. The coarser 
it is the more resistant must be the grain, for the more it 
projects beyond its glue bed the more easily will it break 
off or crush down. It is an interesting fact that emery 
which is pronounced too soft for such use may be adapted 
to it by special processes. Whatever machine or process 
may be used to accomplish this, the principle of its opera- 
tion is to abrade the emery by friction against itself till 
sharp points, brittle corners and loosely adhering particles 
are removed. 

Concerning the comparative values of round-grained 
emery and that of other shapes much difference of opinion 
exists. The rounded or cubical grain of large size will cer- 
tainly be most resistant, and, in all processes which repro- 
duce the conditions of Dr. Smith’s test, will probably be most 
valuable; but it does not seem evident that any advantage 
will attach to such shapes when they are embedded in a 
solid mass. A rounded or cubical grain of the finest grained, 
hardest and most compact ore would probably be the best 
for granite workers, because their processes are such as to 
crush a friable grain. It is this fact which has led to the 
growth of a new industry in the manufacture of artificial 
abrasives. Chilled shot and crushed steel have already won 
a position among stone workers and will probably have last- 
ing and increasing sale.* 


*The makers of crushed steel report that in 18go, their first business year, 
they sold 230,000 pounds, which sale increased in 1892 to 460,000 pounds. I 
have not been able to learn the annual product of chilled shot. 
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A chilled shot and a grain of Westchester emery, loosely 
aggregated and bristling with points, afford extreme con- 
trasts. Our facts lead to the belief that loose aggregation 
is not a serious defect, provided, as Dr. Heddle shows, that 
the particles are hard enough. The inference from his 
statement is that abrasive effect is proportioned to the 
hardness of the particles. But Dr. Heddle’s file test, like 
the glass and agate test of Dr. Smith, lacks the principal 
condition in the modern use of abrasives. That condition 
is high speed. Penetration is effected by velocity, and 
abrasion is effected by the points of one substance pene- 
trating the substance of another. A board is harder than a 
candle, yet it is said that a candle can be shot through a 
board. Glass is harder than lead, yet a bullet of lead will 
make a clean hole through a window. It seems possible 
that a like rule may hold good as to abrasives, and that 
mineral grains may, if used at the right velocity, penetrate 
substances harder than themselves and prove satisfactory 
agents of abrasion. 

On still another important point does Dr. Smith’s test 
fail to meet the requirements of practical use. It takes no 
note of the pressure required. If a grain of crushed steel 
or a diamond gem be embedded in the face of a solid emery 
wheel these two articles would abrade through the use of 
whatever projecting points they might present. As the 
points wear off flat faces would appear, destitute of cutting 
power, and no further abrasion would take place until 
pressure enough had been applied to crush the grains 
of diamond and steel and manufacture new points for them. 
The harder and more resistant the grains were the greater 
would be the pressure needed to effect this. The criterion 
which demands the extreme of hardness, fineness, purity, 
compactness and resistance in abrading minerals, is one 
which calls on the manufacturer for a wasteful expenditure 
of power, which forces on the laborer undue physical strain, 
which prevents his attainment of manual skill, and which 
exposes him to unnecessary danger. This criterion has 
made durability the prime requisite in abrading materials 
and tools—a durability which the buyer demands without 
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reference to the cost of his product, or to the welfare and 
safety of his men. 

Resistance of material calls for resistance of worker, and 
that abrading material is best which does equal work in 
equal time with the least possible power and pressure. Such 
adaptation to its work is not likely to be found in any min- 
eral of extreme purity or oneness of composition, whose 
texture is dense, whose grain is fine, whose cohesion is great, 
It is more likely to be found in a mineral of such friability 
and such varied composition as causes it to break up into 
changing and irregular forms under moderate pressure. 

While I consider the facts thus far stated unquestionable 
and the inferences from them correct, I have to avow regard. 
ing emery and other abrasives, what I avowed as to emery 
wheels some four years ago, before the members of this 
Institute, namely, that there are few exact data to demon. 
strate my inferences. The greater the consumption of 
abrasives and the more varied their use, the greater is the 
divergence of opinions—the more hopeless the confusion— 
the deeper the distrust as to any scientific basis in the 
grinding industry. The men who employ licensed firemen 
to run a steam boiler, and still further protect themselves by 
the periodical test of their boilers, give no thought to the 
latent explosibility of solid emery wheels in charge of com- 
mon laborers. The railroad, which sends in to the founder 
its own chemical formula for car brasses, pays no heed to 
the inherent safety of a vulcanized emery wheel or the 
inherent danger of a vitrified one. The manufacturer who 
insists on having the candle-power of his electric light 
guaranteed, and the horse-power of his turbine or engine 
measured by a dynamometer, buys the lowest-priced emery 
wheel he can find, but never discovers the cost of that 
wheel's product. 

This degradation of the grinding industry is due in part 
to that criterion of hardness in abrasive material which has 
made weight and strength the criterion of the human 
grinder. It is due in part to the fact that grinding problems 
are so obscure and difficult to the skilled mechanic that he 
remits them unsolved to the unlearned workman. This 
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degradation of the grinding industry goes back to early 
times. In the Royal Museum at Berlin is a painting by 
Gerard Ter Borch, of Deventer, probably executed about 
1650, which is marked by all that detail which generally 
characterizes painting of the Holland school. This picture 
represents “The Grinder’s Family.” The work-room is a 
tumble-down, wretched shed, attached to the dwelling-house. 
Only one member of the family is at work, unless that oper- 
ation can be called work in which the mother is engaged. 
She seems to be searching in the hair of her young daughter 
for something that ought not to be there. The grown son, 
with almost a simpleton’s face, and with tattered garments, 
leans idly against a post. The old father has a wide shelf, 
just level with the top of the grindstone, and lies upon it 
at full length upon his stomach, while he presses a scythe 
upon the grindstone. The other scythes lie out of reach on 
the floor. The mandril of the stone revolves in an uncov- 
ered groove in a beam, and a notch in that beam holds a 
wooden wedge to keepthe mandrilin its place. Everything 
indicates that activity is at a big discount—art ata low ebb 
and wages lower still. 

It is unfair, you will say, to steal this quarter-century 
old example from a pastoral country like Holland. Why 
not go to a manufacturing country in modern times? Why 
not visit Sheffield, for instance? I did visit Sheffield in 
1892. I asked a master cutler to show me the latest thing 
in grinding. He said there was no late thing. I asked him 
about abrasives and he said each individual grinder supplied 
his own, buying a few pennysworth of emery at the 
nearest chemist’s and having it chalked up against him just 
as he had his beer chalked up at the tavern. He said the 
grinders could generally be found at work when they had 
no money.to spend, always providing there wasn’t a foot- 
ball match on hand. He told me to visit Rodgers’ and see 
what they did and then he would take me outside the town 
to mills hundreds of years old and that I would find the 
tools, the processes, the conditions identical. The factory 
building he called ‘a wheel,” and the vaulted dungeons, 
whose windows had all their glass shattered to let in the 
VoL. CXXXVII. 28 
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light which thesplash and slop of the wet stone obscured, 
he called “troughs.” A strap (belt),a stone, a razor and a 
grinder were what constituted the grinding industry. | 
ignorantly spoke of the grinders as “men,” but he said it 
was a common Sheffield saying, “ he’s not a man; he’s only 
a grinder.” I did go to the main establishment of Rodgers 
and then to a “wheel” in a valley some miles out of the 
city. The “wheel” was a long, dull building of cut stone. 
The newer part was about 100 or 150 years old, while 
one wing was much older—too old for the date of its 
founding to be remembered. The grinder was a man 
over sixty, and he assured me that his father and his 
father’s father had also ground razors there. As I talked 
with him two younger men examined a pile of appar- 
ently worn-out grindstones, which they said were bought 
second-hand, when too small for other use, and, select- 
ing one of the quality desired, split it in two pieces 
because it was too thick. From this dilapidated building, 
from these scant tools and crude processes, were evolved by 
grinders not thought worthy to be called men, those blades 
which have made the name of Rodgers famous. Inherited 
skill and restriction to one narrow branch of work take the 
place of modern improvements. As I remember this ini- 
tiation into the art of Sheffield, I smile at the London 
merchant who wrote to America that he could get a big 
order for Japan if I could supply a complete plant for razor 
grinding. 

In our own freer and more versatile country the tyranny 
of the trades-union has not gone so far as to insist that only 
the sons and grandsons of razor grinders shall learn to grind 
razors. Instead of old processes, perpetuated unchanged 
for hundreds of years, we have all the newest wrinkles. 
Automatic grinding machines, almost human in .their com- 
plication, and which render brains almost unnecessary to 
the workman; and others which look beautifully on paper, 
and either go to the waste pile or swell the maker's account 
of “returned goods.” We have the newest wrinkles, but 
no rules—the most ingenious devices, but no accepted 
standards—the most varied opinions, but no authorities. 
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While grinding processes are complicated and solid emery 
wheels high-class tools, and while economical grinding 
demands conditions based on the careful study of educated 
mechanics, no one establishment uses enough to enlist the 
interest of the educated man. Abrasives are committed to 
the lowest class of labor, and reports as to results drift 
through circuitous channels to the buyer, whose next pur- 
chase is based on the latest and most distorted report. The 
name of * Wellington” is so potent that often the grinder 
will use no other brand of emery, though he will take any 
and all kinds of material without discovering any difference, 
provided they are poured out of a “ Wellington” keg and 
have a color not found in the original material. 

Throughout the apparent discussiveness of this lecture I 
have carried on a sustained argument, but that argument 
has been so lengthy and so involved as to demand a sum- 
mary of conclusions, 

It seems clear to me that current opinions about abra- 
sives have been based too much on cabinet specimens and 
laboratory experiments, and too little on the average pro- 
ducts of the mine and on the conditions of modern work. 
It seems demonstrated that chemical analysis does not 
gauge accurately the abrasive capacity of any mineral— 
that the hardness of such material does not bear a definite 
relation to its purity (meaning thereby a high percentage 
of alumina), and equally clear that mere hardness is not the 
prime requisite. It seems clear that abrasive capacity 
depends largely on some unexplained peculiarity of struc- 
ture. It seems evident that speed, time and pressure are 
factors too little considered in connection with the problem 
of safe and economical grinding. It seems settled that 
external appearance is a poor guide to grinding capacity ; 
that colors, shape of grain and attractability by the magnet 
are not trustworthy indications. It seems clear that com- 
mercial abrasives vary in quality, and that their acceptance 
or condemnation depends on prejudices and notions rather 
than on ascertained facts as to cost of product. 

Some of the causes which lead to variable and contradic- 
tory results with abrasives are those common to shop prac- 
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tice, but which produce far greater effects with the emery 
wheel than with the lathe or planer. The effective work of 
an emery wheel is based on its speed of a miie a minute. 
The correct speed is less likely to be maintained, because 
the pressure against the wheel is heavier and more variable 
than that ina lathe. The lathe tool presses with a sharp 
point only against the revolving work, and is so set that, 
after the first cut, the pressure scarcely changes. 

The grinder, however, forces his work against the wheel 
with greatly varying strength, and sometimes adds to direct 
pressure aheavy leverage. I have often seen wheels slowed 
down till they almost stopped. Pulleys of too small diame- 
ters are used, and belts which are too narrow. Slip of belt 
and diminution of speed are potent factors in the problem. 

Another equally potent one is discontinuity of contact. 
A wheel may run a mile a minute and yet be so out of 
round or mounted on such a light machine or shaky floor 
that vibration and chatter interfere with continuous contact. 
Instead of a mile long file passing over the work in a 
minute, it is sometimes only an eighth ora quarter mile file. 
I have examined wheels whose continuous stream of sparks 
suggested continuous contact, and found that only two or 
three inches of the surface had come in contact with the 
metal. The custom of imputing all variability of result to 
defect in the wheel and the overlooking of variability in the 
metal operated on is another cause of contradictory result. 
A class of wheels which had long suited a plow manufac- 
turer was at last repeatedly condemned and the wheel 
declared worthless. After a very long interval it appeared 
that the plows had been changed from one homogene- 
ous thickness to three sheets of varying temper. A class 
of wheels was condemned which had long suited for car 
brasses, and only after long delay was it made known 
that the first metal was yellow brass and the last phos- 
phor-bronze. I have lately discovered by use of an im- 
proved testing machine that the quality of the test bars 
of cast iron is more variable than the quality of tanite 
wheels. 

What, then, is needed, to clear up this confusion ? 
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It seems to me that the thing most needed is a practical 
testing machine, which shall take the place of the labora- 
tory test made popular by Dr. J. Lawrence Smith. Such a 
machine should be run by an independent engine to secure 
uniform speed. Pulleys and belts should be so proportioned 
that no slip shall occur. Floor and machine should be so 
solid as to do away with vibration. Test bars should be 
employed of the most uniform quality. And then a series 
of experiments should be carried out so as to establish 
definite standards. It should be ascertained what is the 
least pressure per square inch at which a cubic inch of test 
metal can be ground off in the least time with the least 
consumption of wheel material. In other words, the final 
economy of the process should be demonstrated, taking 
into strict account the consumption of wheel material, the 
amount of metal ground, the time occupied, the speed 
employed, the horse-power expended and the pressure 
exerted. Thus will gradually arise a fixed standard as to 
what constitutes a good emery wheel, and the buyer will 
demand an article of known and certified productive effect 
whose cost of product is also known. Thus will arise on 
the grinder’s side a demand for those wheels and those 
abrasives which entail the least bodily fatigue. Thus will 
arise a public opinion which shall hold to strict account 
those reckless buyers who put wheels of known dangerous 
quality in the hands of their employés. For this machine 
should not only be used to ascertain the economic value 
of abrasives, but also to demonstrate the relative safety 
of solid emery wheels. 

In closing this lecture, I desire to point out that it is 
not so much a statement of what is known about abra- 
sives as a confession of how little is known. This con- 
fession imputes no special ignorance to the user, but pleads 
the great obscurity of the problem. I believe the differ- 
ence between the poorest and the best of the abrasives 
in common use is so moderate that great expertness is 
required to discover it. 

My object will be accomplished if, by pointing out the 
fallacies which attach to old-time tests and superficial indi- 
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cations, the way is cleared fora more scientific method of 
ascertaining abrasive quality—a more business-like way of 
getting at the economic result—and a more humane con- 
sideration of the laborer’s danger and fatigue. 


APPLICATION or THE METHOD or LEAST 
SQUARES To THE DEVELOPMENT 
oF FUNCTIONS. 


By F. GILMAN. 


The usual methods of developing a function are by the 
binomial series and by the theorems of Maclaurin and 
Taylor. In general practice, however, only a limited num. 
ber of terms of the development can be calculated, and for 
such cases these theorems do not give the best values 
obtainable for the coéfficients. 

Let us take, for example, the function 


The binomial theorem gives 


Vi + x 


We will now assume 


Ti tes 


and treating 
I 
Vi+ 

as an observed quantity, we will determine the values of 
the constants-a, 6 and ¢ from the condition that the sum of 
the squares of the residual errors shall be a minimum. 

Supposing + to vary from o to 1, the following table gives 
the values of 


Vi+2 


Ju 


co 
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corresponding to different values of 7: 


Ceri 


“9129 
8771 
“8452 
$165 
“7670 
“7454 
°7255 
°7971 


1 ‘0000 


Hence, for the first equation of condition, we have 
1 + a(o1) + 6 (01) + ¢ (C001) = 0°9535 


or 


a (ot) + (001) + ¢ (O'001) + 070465 = 0 


Hence, the ten equations of condition may be written in 


the following form: 


a b 
2 "04 
+3 ‘09 “027 
4 "16 064 
"25 "125 
6 *36 *216 
“49 “343 
8 64 “512 
‘9 ‘81 "729 
1°00 


The normal equations are readily formed from these, and 


are as follows: 


[2 a] [2 6] [a 
+ 3°85 + 37025 + 2°5333 
+ 2°5333 + 2°20825 
+ 197840 
The solution of these equations give 
a = — 0°486 
6=>+0°281 


= — 


+ 0°0465 
*1229 
“1548 
“1835 
“2094 
*2330 
"2546 
“2929 


{a 
+ 1°24488 
+ 0°95330 
+ 0°78532 
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Hence, we have the following expression for the develop. 
ment 


I 


== 1 — 0°486 o'281 2* — o'088 2 
I 0°486 x + O'281 a o'088 x (2) 


The following table shows a comparison of the results of 
this development with that given by the binomial series 
having the same number of terms: 


I I I 


Vier 
by equation (1) by equation (2) 
10000 1°0000 1 ‘0000 
‘I "9535 9534 ‘9541 
‘2 ‘9129 "9125 "9133 
“8771 8753 ‘8771 
‘4 "8452 "8400 "8449 
5 8165 8047 "8162 
‘6 *7906 *7675 ‘7906 
*7670 °7265 *7673 
7454 "6800 ‘7460 
‘9 "7255 "6259 ‘7261 
"7071 "5625 "7070 


It is readily seen by comparing the third and fourth col- 
umns of this table with the second (the second representing 
the true value of the function) that the binomial develop- 
ment is very inferior in accuracy to the development given 
by equation (2), and which may be called the least square 
development. For some very small values of +, as ov1, the 
results of the least square development are not quite as 
accurate as those of the binomial development; but even 
this small difference might be made to disappear by a 
proper system of weighting the condition equations. 

Some, however, may object to the conclusiveness of the 
preceding table, on the ground that it does not give a fair 
comparison, since it is restricted to those values of the 
function which were used in forming the condition equations, 
and that the least square development might not be expected 
to give nearly as correct results for intermediate values of 
the function. 

In order to anticipate this objection, I give the following 
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table of results, calculated for values of x intermediate to 
those given in the preceding table: 


I I I 
Vite 
by equation (1) by equation (2) 
0°05 0°9759 0°9759 0°9764 
"15 "9325 "9324 "9331 
25 “8944 ‘8936 "8947 
"35 "8607 ‘8575 "8605 
"45 *8305 8225 8302 
55 "8032 "7864 “8031 
‘65 7476 ‘7787 
‘75 °7559 "7564 
"85 7352 "6540 
“7161 "5955 


It appears, from the above table, that the accuracy of 
the least square development is practically the same for 
these intermediate values of x as it was for those values by 
means of which it was determined. It follows from this 
that the accuracy of the development would not have been 
materially increased by increasing the number of equations 
of condition. 

As a further test of its accuracy we may apply it to the 
determination of the definite integral, 


f 
the numerical value of which is known to be 0°8284. 
Multiplying the least square development of 
I 

by dx and integrating between the limits o and I, we obtain 
for the numerical value of the integral 0°8287, which is in 
error by less than one-twenty-fifth of one per cent. The 
value of this integral, obtained by using the binomial series 
with the same number of terms, is 0°7969, which is nearly 
four per cent. in error. 
Take next the definite integral 
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The least square development gives : 


I 


= 1 — 486 2* + 2* — ‘088 2° 
x 


Multiplying this development by @+ and integrating 
between the limits o and 1, we obtain for the value of the 
integral 0°8816, which is in error by one-fiftieth of one per 
cent. Using the binomial series with the same number of 
terms, we obtain 0°8637 for the integral, which is two per 
cent. in error. 

Finally, let it be required to find the definite integral 


the value of which is known to be 4°6332. 

We first integrate between the limits o and 1, and find 
as before that the integral is 08287. We next integrate 
between the limits 1 and Io. * 

In order to do this we write the function in a different 
form, as follows: 


I I 
Vevitt 


Vite We x $ xt 
Vi-e+e +4 x x 


Taking this between the limits 1 and 10, we obtain 
3°8063, and adding to this 0°8287, we obtain for the integral 
46350, which is in error by less than one-twentieth of one 
per cent. 

The value of the integral obtained by using the binomial 
series with the same number of terms is 4°5552, which is 
nearly two per cent. in error. It is evident from the pre- 
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ceding examples that the expression given by least squares 
for the function 
I 
V1 +x 


will enable us to determine the definite integral of any 
function of the form 


Vb+ex 
with an accuracy far superior to that obtained by using the 
binomial series for the development. 


As an additional example take the more complex func- 
tion 


I 
x 


in which x is supposed to vary from o to 1; for if + were 
greater than 1, the function could be transformed into 
another of the same kind, by putting 
I 
8 
z being the new variable. 
By the method of least squares we find exactly as in the 
preceding case 


I 
x 


in which 


a = — 0'47189 
b = — 0°28755 
¢ = + 020771 
The development of this function, according to Mac- 


laurin’s theorem, gives the following values for the coéffi- 
cients 
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The table below shows the comparative accuracy of the 
two methods of development, the numbers in the second 
column being the true values of the function. 


I 
(+) 
x (2) (2) (2) 
by least square by Maclaurin’s 
development. development. 
I*0000 1°0000 10000 
0°9487 o°9501 0°9486 
‘2 "8946 0°8958 0°8945 
‘8377 "8382 0°8370 
‘7786 ‘7786 ‘7760 
‘5 *7184 *7182 ‘7109 
6 "6586 "6583 "6415 
6005 6001 
‘8 "5454 "5448 "4889 
‘9 "4942 "4938 "4032 
"4472 "4483 “3125 


ENGINEERING PRACTICE anp EDUCATION. 


By GAETANO LANz<A, S. B., C. & M. E., 


Professor of Theoretical and Applied Mechanics, Massachusetts Institute of 
Technology. 


[ Continued from p. 394.) « 


In the infancy of any new industry questions of the 
proper strength of the machinery, and of adopting such 
arrangements as shall insure economical operation, are very 
likely to be neglected ; the main efforts of the promoters 
being generally directed towards making the machines work 
at all; and if economy is lacking, the only result is that the 
prices of the products are put at such a figure as to cover 
the expenses and provide a good profit. Then there isa 
strong tendency, as long as the companies can make money 
as fast as they desire, without attending to matters of 
economy, to disregard them ; and if they make any attempts 
to increase their income, it is rather by an increase of the 
plant than by introducing more economical working into 
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what they already have. Hence it is that in the early 
stages of an industry, there is usually less engineering and 
less scientific work done than later, for scientific work is 
precisely what is needed to produce economy. But after 
the industry has been carried on for a long time by a num- 
ber of people, and competition has become rife, then those 
who are at the head of it find themselves forced to consider 
questions that affect the economical working of their in- 
dustry, for on the proper solution of these questions depends 
success or failure. It follows, therefore, that in an indus. 
trial country like our own, there 1s more and more demand 
for scientific work, and, hence, more and more demand for 
engineering work. I might cite a great many cases to 
illustrate this matter, but one of the most marked, per- 
haps, is that of making illuminating gas, where it has 
been the fact until very recently that so much money 
could be made anyway, that the gas manufacturers did not 
care to take pains to avoid waste, and very little, if any, 
effort was made to economize, and hardly any attempt 
to operate the works on sound engineering principles. 

But I am digressing from my subject. Coming back then 
to the locomotive, let us see how the remarks I have been 
making apply to that. In introducing the locomotive into 
American practice, it became at once evident that the rigidity 
with which locomotives were being built in Europe was not 
suited for travel on roads such as we could afford to build at 
the time, nor for those containing as sharp, curves as it 
was, and still is, frequently desirable to make. Hence, to 
the credit of American genius be it said that our railroad 
men at once proceeded to introduce the modifications 
necessary to render the locomotive a more flexible machine, 
which would stay on the track, even if the latter were 
uneven, and if the curves were sharp and which should 
be so easily accessible in all its parts and so simple in con- 
struction that it could be easily repaired. Moreover, the 
modifications introduced by American inventive genius, 
were good features, even after the country developed so that 
we could have better permanent way, and some of these 
points are of such decided advantage that we find more and 


q a 
| 
} 
% 
{ 
| 
va 4 


446 Lanza: {J. F. 1., 


more tendency to imitate them, on the part of our neigh. 
bors across the ocean, in their most modern constructions. 

Now, these efforts might be said to have been attempts 
to make the machine work at all, and there was too 
much tendency to determine the question of strength of 
the parts by what was and is sometimes called practical 
experience, 7. ¢., by waiting till something broke before pro- 
nouncing it too weak, and then making it larger, 2. ¢., putting 
in more iron in subsequent constructions. 

To illustrate the fallacy of such a course bya very 
extreme case, I may say that, in the early days of locomo- 
tive practice, parallel rods were sometimes made of circular 
section, and that as soon as the speeds became at all con- 
siderable, such rods were almost sure to break. Now, sup- 
pose the course outlined above were followed and a larger 
rod of circular section substituted in subsequent construc 
tions. Any one at all familiar with the scientific princi- 
ples at the foundation of the theory of the way in which 
a beam resists a transverse load, could easily predict the 
result, which is that the new one would be practically no 
stronger than the old one, while weighing more; for, as 
soon as the speed of the locomotive is at all considerable, 
the transverse load, due to the action of centrifugal force 
on the parallel rod, forms by far the greater part of the 
load that it has to sustain, and by the course adopted this 
load would have been increased in the same proportion 
as the power of resistance of the rod. A little figuring in 
such cases would save a great deal of costly experience, and 
often a number of accidents. Of course, railroad men know 
better now than to use round parallel rods, but there is not 
care enough taken yet in calculating the strength and stiff. 
ness of all the different parts of locomotives. 

Turning, now, from questions that involve the strength 
of materials to those that involye economy, we find 
that fuel, both wood and coal, has been so easily and 
so cheaply obtained heretofore that railroad men paid little 
or no attention to this matter; and while I do not believe 
that the locomotive is as wasteful of fuel as is frequently 
imagined, nevertheless, hardly any really serious efforts 
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were formerly made to ascertain and develop means 
for reducing the coal consumption, such as have been 
made constantly in the case of large stationary and marine 
engines, and it is a fact that the man who would run a 
stationary or a marine engine of like power, with as large a 
coal consumption as is used in the case of the locomotive, 
would be deemed a very wasteful man and unfit for his 
business. Of course, the peculiar duties of a locomotive, 
and the special conditions under which it has to work, may 
not, and probably will not, enable us to realize as great 
economy as we do in the other cases, but it is certain 
that a little earnest, scientifically conducted work would 
enable us to realize more economy than we do, and how 
much more we cannot predict until more attempts have 
been made in a thoroughly scientific manner. 

Even where tests have been made, we find a laxity al- 
lowed in them which would not be tolerated in making 
tests of a marine or stationary engine. As an example, I 
have frequently looked over the results of some locomotive 
test, hoping to gain some information from it, and when I 
came to examine the way in which the test was made, found 
that the conditions were such as would render it entirely 
untrustworthy if it had been made on a stationary or a 
marine engine, and I cannot see how the fact that it isa 
locomotive makes the test where there is so much looseness 
any more trustworthy. To cite the various improper 
things that are done in this regard would take too much 
time, and I will only mention one which has been done 
altogether too often, viz.: applying the steam engine indi- 
cator to one cylinder alone, and guessing that the per- 
formance of the other is like unto it. The chances of 
reaching the truth are not much, if any, greater than if the 
whole estimate had been made by guessing, and this latter 
course would have saved work. But we are coming to the 
time when our railroads can no longer afford to disregard 
questions of economy of fuel; and these matters are, slowly 
it is true, but surely, coming into prominence. 

One evidence of the state of affairs to which I refer is 
the remarkable indifference that existed only a few years 
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ago in regard to the introduction of the compound loco. 
motive. It had at that time already been introduced into 
Europe for several years, and although it had not really gone 
very far beyond the experimental stage, it had, neverthe- 
less, been so far developed that it had been experimentally 
proved without question that a decided saving of coal could 
be effected by its use. Nevertheless, I listened to discussions 
among railroad men held at that time where very little 
interest was shown in furthering its introduction here, and 
where I heard grave doubts expressed as to whether it 
would be wise to introduce it into America, and when they 
attempted to give their reasons for these doubts, they would 
raise all sorts of objections as to very minor points which 
it would be very easy to adjust to our needs by the exercise 
of a very little American ingenuity and adaptability. The 
compound locomotive, however, came to America, and came 
to stay; and so prompt have Americans been to adopt it, that 
we now manufacture a great many in this country. 

Of course, those that we have made are decidedly 
American and not copies of European styles, and most all 
of our large locomotive works now build more or less of 
them; and naturally we have a number of different styles, 
inasmuch as they have been planned and worked out by 
different men. 

But now, if we are going to imagine that there is 
gain in the simple fact of compounding without regard 
to how it is to be done, what proportions of cylinders should 
be employed and what other arrangements should be 
used, we shall not realize the economy that we might, 
and we may even fail to realize any; since it will be per- 
fectly possible for a well-proportioned and well-made single 
locomotive to be more economical than a badly made com- 
pound one. If, on the other hand, the introduction of 
the compound locomotive is to mark the beginning of an 
era when the same criteria of accuracy and reliability shall 
be applied to determine the value of a locomotive test as 
are applied in the case of stationary and marine engines, 
where we demand and perform more or less experimental 
work with scientific accuracy ; and if the same sort of work 
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shall be demanded and performed in the case of the loco- 
motive, then the benefits conferred by the introduction of 
the compound locomotive will not be confined to the cases 
where it is used, but will also react in bringing into being 
a more economical class of single locomotives, while it will 
also cause us to adopt in the design of compounds such 
features as will be conducive to the greatest economy of 
coal. 

I suppose that after having said so much about com- 
pound locomotives, I ought to say a few words by way of 
explaining what is a compound locomotive, and what is 
the reason why we are justified in expecting any greater 
economy with it than with a single locomotive. 

In the single locomotive there is one steam cylinder on 
each side near the forward end, and the steam from the 
boiler enters each of these cylinders, and causes the respec- 
tive pistons to move. Before the motion of the piston in 
either cylinder is completed, however, the steam supply is 
cut off, and the piston is caused to complete its stroke by 
the expansive force of the steam. Then during the return 
stroke the steam on this side of the piston escapes into the 
exhaust, while that which enters on the other side of the 
piston is pushing the piston the other way and doing the 
work. 

Thus, in the single engine, the steam enters the cylinder, 
is cut off at a certain fraction of the stroke, expands, and 
then escapes directly into the air; and this series of actions 
is carried on in each cylinder independently of the other, 
there being really two separate engines connected to the 
same shaft with the cranks at right angles to each other. 

Now, in the compound locomotive, the steam, when it 
comes from the boiler, enters one cylinder called the high- 
pressure cylinder, but, when it has expanded in this cylin- 
der, it does not escape into the air, but into another and 
larger cylinder, where it expands again, and acts upon 
another piston by its expansive force, and then, from this 
cylinder, it escapes into the air. 

Again, there are a variety of such arrangements that can 
be made; thus, we may have one high-pressure and one low- 
VoL. CXXXVII 29 
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pressure cylinder on each side of the locomotive, « ¢., one 
compound engine on each side, making a pair of compound 
engines. This arrangement is called a four-cylinder com. 
pound. Another arrangement is made by having only two 
cylinders for the whole locomotive, the high-pressure cylin. 
der on one side and the low-pressure (a larger) cylinder on 
the other side. A third arrangement is by having one com- 
pound engine on each side of the locomotive, the high 
pressure being inside of the low pressure, the latter being 
annular and having an annular piston. Then still another 
method, which is English, is to have two high-pressure 
cylinders, one on each side of the locomotive and one large 
low-pressure cylinder underneath, in the middle. 

Now, these different arrangements are made by different 
builders, and each one claims advantages for his own. As 
to which is best, when the proportions are correctly adjusted, 
only careful and accurate experiment can determine. As 
to the reason why we should expect any gain by com- 
pounding, it is merely because the difference of temperature 
of the walls of the cylinder, when the steam enters and 
leaves it, is less, and hence cylinder condensation should be 
less, in a good compound than in a single engine, since the 
expansion is all completed in one cylinder in the latter, 
whereas it only completes its expansion in two cylinders in 
the former. 

Besides this, there are a great many questions of interest 
and of importance to be made the subject of careful 
investigation, in connection: with railroads and locomo- 
motives. I cannot pretend to give a list, but will mention a 
very few, asfollows: The law of variation of train resistance, 
or the force necessary to draw the train at different speeds ; 
the air-brakes, about which a number of questions should 
be investigated; heating, ventilating and lighting cars, etc. 
Thus, heating of passenger cars by steam from the loco- 
motive has come to stay, and has become so much of an ac 
complished fact, that it has been adopted on a large num- 
ber of roads, and will have to be on all; but there area 
great many different possible ways of accomplishing it 
just as there are many ways of heating a building, and 
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there has hardly any progress been made as yet in regard to 
ventilating passenger cars. 

But I think I have said enough to give you an idea of 
what a multiplicity of engineering questions arise, and 
what an amount of engineering work and opportunity for 
investigation there is about a railroad. 

Bridges.—The greater number of our largest bridges are 
built to form a portion of a railroad, for,in this case, heavier 
loads are to be supported than when they form a part of a 
highway. The Brooklyn suspension bridge, which possesses 
the second longest span in the world, is no exception, for it 
carries a cable railroad. Their construction is sometimes 
undertaken as that of public works, as, for instance, by the 
city or town, and at other times it is carried on by private 
enterprise. The city, the railroad company, or other corpora- 
tion, may impose on its own engineer the task of producing 
the entire plans, both the foundations and the superstruc- 
ture; or it may delegate the making of these plans toanother 
engineer or to some bridge-building firm; or, on the other 
hand, in the case of the latter, it may be only the super- 
structure which is entrusted to the firm to construct, while 
the foundations are kept as a separate undertaking to be 
built by the road itself beforehand. When an engineer has 
to plan a large bridge, it often happens that the foundation, 
is by far the most difficult part of the work. Thus, at the 
places where the foundation is to be established there may 
be clay or hard sand, and, on the other hand, there may be 
quicksand or mud. He may have to build the foundations 
on piles, if it is not too large a bridge, or he may have to. 
excavate, sometimes to a great depth, before he reaches 
something that is suitable for a foundation. 

Then, again, he may have to establish his foundation 
under water, and here he may be called upon to perform a 
great deal of excavation. If it is to be far under water, he 
may have to resort to pneumatic caissons; and now by the 
use of machinery we are finding the means of establishing 
foundations under water at a depth too great to permit of 
the use of pneumatic caissons. In any of these cases there 
isa large amount of engineering involved in planning the 
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work, and also in executing it. A thorough examination 
of the ground has to be made, including the taking of 
borings to ascertain how deep the excavation will have to 
be before something is found which is suitable for a founda- 
tion, and the nature of that something. Then the plans have 
to be made and all necessary calculations to determine what 
should be constructed, and how it should be built. 

Next comes the building of the foundations, and this 
may involve a large amount of engineering work, especially 
if pneumatic caissons have to be used, and if part of the 
work is to be built under water, as the whole erection will 
involve the introduction of a large amount of machinery, 
including the use of compressed air, cranes which have to 
be operated by some kind of power, hoists, etc., and the 
greatest care will have to be exercised in sinking and 
locating the caissons, and in preventing them from getting 
out of place while the excavations are in progress, and in 
preventing accidents. Then, when the excavation is made, 
the whole must be adjusted and all must be properly filled 
up with concrete, and then the masonry can be built above. 
Of course, this sort of work with difficult foundations is not 
the every-day work of the engineer in general, but all varie- 
ties of foundations are met with where the piers cannot be 
built directly on the ground, and where we must either 
build on piles or must haverecourse to coffer-dams, and thus 
be able to excavate the earth until we reach a suitable 
foundation, or where some sort of crib has to be built, 
which shall confine a certain amount of loose and flowing 
sand, and thus render it suitable to build upon. Moreover, 
the matter of securing a good foundation is an all-important 
prerequisite for building a bridge that is to stand. Other- 
wise our bridges would share the fate of those of the old 
Romans, 

Then comes the designing of the bridge, in such a way 
that it shall have sufficient strength in all its parts to resist 
the stresses coming on those parts. Moreover, in this work 
care must be taken to figure every detail, and nothing must 
be disregarded, for if one of the minor details be neglected 
in the calculation, this neglect may lead to disaster. It is 
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very common now, however, for a railroad company to build, 
or have built under its own direction, the masonry founda- 
tions for all the bridges on its road, to erect all of them itself, 
but to have them built, and sometimes also designed, by 
some bridge-building firm. Now, when the designer, whether 
he belong to the railroad or to the bridge works has made the 
design, and has worked out the stresses in all parts of the 
structure, including all the details, pins, rivets, fastenings, 
hangers, anchors, etc., and has also made the detail draw- 
ings of the bridge, these drawings, or rather the blue prints, 
can be sent into the shop, and the construction of the bridge 
can begin. 

Making the design, the calculations and the drawings, of 
course, requires engineering work, and especially an appli- 
cation of the strength of materials, to see that every detail 
is of the proper strength and stiffness. But I propose to 
call your attention especially to what engineering work has 
to be done by the bridge builder in fitting up his shop to do 
this kind of work properly; and this will be made most evi- 
dent by a consideration of the engineering problems which 
one who carries on a bridge works has to solve, and the 
engineering work he has to execute. 

Of course, the method of carrying on the manufacture of 
bridges, and the amount and character of the engineering 
work involved,will depend upon the magnitude of the works, 
which may be small or large, and which may be built for the 
purpose of merely manufacturing the bridges from iron or 
steel which they buy, or which may be attached to, or form 
part of, an iron or steel works. 

lf they are very large and are connected with an iron and 
steel works, they may begin with the ore, and make their 
own pig iron, then transfer it to the Bessemer converters, 
or to the open hearth furnaces and make the ingot steel, or 
to the puddling furnaces and make wroughtiron. Then the 
product is rolled, or squeezed, or hammered into blooms, and 
then these are cut into suitable lengths, and after being 
heated again, are rolled into angle irons, channel bars, 
T-irons, Z-bars, plates, etc. 

By way of illustration, we will consider the following brief 
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outline of the methed followed at Phoenixville, ¢. ¢., at the 
Phoenix Iron and Steel Company’s Works. At one time 
they used to make their own pig iron, but now they buy it 
and convert it in their open hearth furnaces into steel. 

After having been in the reheating furnace, the ingot 
goes to the first set of rolls, where it is rolled into blooms, 
and then to a powerful shears, where it is cut into the 
lengths needed for different purposes. 

In connection with these rolls and shears, which are 
very heavy, there is some ingenious machinery for perform- 
ing what may be called the handling of the ingot, 7. ¢., for 
placing it in the right position on the rollers which feed it 
into the rolls or shears, for tipping it over when it is de- 
sired to do so, ete. : 

Of course, provision is made in this portion of the works 
for quick and convenient handling of the heavy ingots, etc., 
by means of trucks and cranes. 

Then from the blooming mill the blooms are placed on 
trucks, which are drawn by a small locomotive to the roll- 
ing mill, where they are heated again, and then rolled into 
the desired shapes, angles, channel bars, I-beams, etc., and 
these are then cut off to the proper lengths by saws. In 
cases where it can be done, the sawing is performed while 
the steel is hot; but in a number of cases it has to be done 
when the steel is cold. Then, after leaving the rolls, the 
beams, channels, angles, etc., are straightened in machines 
with which the shop is fitted for this purpose. There are 
also certain machines specially designed to cut the ends in 
various shapes, such as are needed in fitting different pieces 
together in the manufacture of a bridge. 

The rolling mill is, of course, fitted with a complete sys- 
tem of trolleys and other devices for handling the material, 
for delivering it to the rolls, for receiving it when it has 
passed through, transferring it to the next place through 
which it has to pass, etc. When the beams, channels, 
angles, etc., come from the rolling mill they are ready for 
the market, or to be used in the manufacture of bridges. 

Then, there is the bridge shop, where all the different 
pieces that are to compose the separate girders and the 
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other parts of the bridge are assembled, and the necessary 
punching, drilling and riveting is performed. 

Of course, this shop must be large enough to admit of 
whole girders being put together, and also easily handled 
and worked upon. Here, therefore, there are provided 
ample floor space, large and powerful travelling cranes to 
handle very heavy material, and punching machines, drill- 
ing machines and riveting machines in very considerable 
number. Of the latter, some are hydraulic riveting ma- 
chines, conveniently located for the work they have to per- 
form, but fixed in position; while others are portable 
riveters, operated by compressed air. Then there are many 
other machines which I will not stop to enumerate. Then, 
in the yard is a travelling crane, used to load the separate 
girders and the other parts of the bridges on to cars. 

The works are very extensive, and there are numerous 
other shops used for vafious special purposes, but I shall 
not speak of them, as I am not attempting to give you all 
the details of the Phoenix Works, but only to illustrate to 
you what kind of operations have to be carried out and 
what kind of engineering problems present themselves for 
solution outside of the design of the bridge. 

Now, in such works everything that can be done to save 
labor in handling, or in any other way, is, of course, so much 
gain. Hence the absolute necessity for a complete system 
of trolleys, etc. Then again, since holes for rivets and other 
purposes have to be located, and other features marked by 
template, whenever some more expeditious method has not 
been devised, you will find that the various bridge works 
endeavor to devise some machine to perform as much of the 
punching or drilling as possible without using a template. 
This becomes of special importance in the case of the long 
lines of rivet holes that have to be made in the plates and 
angle irons which are used to form the flanges and webs of 
plate girders; so, at these bridge works we find a machine 
devised for this special purpose. 

Without going further into detail, it is plain, after a bridge 
is designed and the drawings are all made, and it is ready 
to be constructed, that in connection with the works a large 
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amount of engineering work must be performed. Of course, 
the planning and building of the shops in such a way 
as to be well adapted to their intended purpose, the selec. 
tion and arrangement, the devising of suitable machinery, 
some of which (and sometimes considerable) is special 
machinery, the arrangement of the power plant, and the 
entire arrangement of the cranes, trolleys, etc., for handling 
the material, and for loading the finished structures on to 
the cars to be carried to their destination, all involves a 
large amount of engineering; and this does not cease with 
the establishment of the works, for the same kind of engi- 
neering questions are constantly arising—questions of mech. 
anism, questions of strength of materials, questions of 
steam, etc. 

At the New Jersey Iron and Steel Company's works elec- 
tric cranes are used, and some of the machinery in the 
bridge shop is driven by electric motors. At Edgemoor, is 
another bridge works where the entire arrangement has 
been recently laid out with especial reference to con- 
venience and ease of handling, and also to the use of special 
machinery, and I will outline briefly some of the methods 
followed in these works in order to show the sort of plan- 
ning that was performed. 

The material is received by rail in the yard, and is taken 
off the cars, and placed on little trucks running on narrow 
gauge tracks, on which it is rolled along and taken into the 
shop. 

There are numerous lines of rails, parallel to one 
another and leading to different parts of the shop. These 
rails extend the whole length of the shop in one direction, 
and hence, the motion of any piece in the lengthwise direc- 
tion is accomplished by means of these trucks. When, 
however, the material is to be moved in a transverse direc- 
tion, it is carried by chain falls attached to trolleys moving 
on rails on the ceiling laid in a direction at right angles to 
the rails on the floor. This system of rails on the floor 
running in one direction and rails on the ceiling running 
in a direction at right angles to them is adopted through- 
out the greater part of the shop; but when the larger 
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pieces have already been formed, they are handled by 
means of a series of jib-cranes actuated by hydraulic power, 
in which the jib can be made to rise, and lift the piece, and 
also to turn around, while the chain falls can be moved 
lengthwise along the jib. 

This method of handling the material is peculiarly 
adapted to such work, because the pieces that have to be 
handled are mostly long and narrow. 

Next, as to the special machinery in use. The following 
is the method of making the eye bars from a straight bar. 
The straight, flat bars of proper size are taken to some small 
furnaces where the ends are heated; then, when hot, the 
ends are put flatwise into an upsetting machine actuated 
by hydraulic pressure, where they are upset, and formed 
into the proper shape for the head by being squeezed 
between suitably formed dies. This having been done, the 
bar is at once carried to a hydraulic punching machine, 
where the hole for the eye is punched usually before the 
end of the bar has had time to lose its heat. When the 
eyes have been punched it is straightened if necessary, and 
then taken to the boring machine, where there are two 
tools, by means of which both eyes are bored at once. 

Then the eye bars are taken on the trucks to the anneal- 
ing furnace. Here a number of them are put into the 
furnace together and annealed. 

There is also at these works a multiple punch with a 
specially designed feeding mechanism for the purpose of 
punching the holes in the plates, angles, etc., of a plate 
girder, or of any other construction of this character, as in 
the case of a bridge column. The remainder of the machin- 
ery I shall not refer to. 

Of course, there have to be powerful pressure pumps to 
provide pressure for all the hydraulic machines, of which 
there are many and powerful ones, such as the upsetting 
machine, the straightening machine, the punches for the 
eye bars, the hydraulic jib-cranes, etc. 

It is plain that the planning and putting up of such 
a shop, with proper regard to economy of labor and econ- 
omy in all parts, involve a large amount of engineering, and 
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of the kind that would usually be called mechanical rather 
than civil engineering, although the building of bridges 
has commonly been associated with the latter. 

Certain styles and sizes of bridges can be made at the 
works and shipped to the places where they are to be erected; 
but when they become very large, they outgrow the capabili- 
ties of the bridge works, and a great part of the construction, 
if not all of it, has to be performed on the ground. In these 
cases a great deal of engineering work of very varied char- 
acter is often involved. 

Perhaps it will be well to illustrate the character of the 
work that may have to be done by referring to examples of 
one or two modern bridges, first making a few general 
remarks: 

(1) While some very large wooden bridges have been 
built, and while there are still in existence in the United 
States a great many more bridges built of timber than 
there ought to be, nevertheless, they are rapidly disap- 
pearing, and bridges of any considerable size and import. 
ance are no longer made of timber. 

(2) Masonry bridges are limited in span. 

Hence, the modern bridges of long spans are built of 
iron or steel; and the necessity is constantly arising to cross 
greater and greater widths; and, every little while, one is 
built with a span greater than any that has preceded it. 
Thus, the famous Britannia tubular bridge, built by Robert 
Stephenson, in 1850, had two central spans of 459 feet each, 
and shore spans of 230 feet each, and was thought at the 
time to be a triumph of engineering. It carried the rail- 
road across the river in rectangular wrought-iron tubes, 

To us, to-day, it and others built like it look old-fashioned 
and cumbrous. Since then many girder bridges have been 
built in various parts of the world. 

By way of arched iron bridges we have quite a number, 
but the most noteworthy are the two hat were built over 
the Douro River, at Oporto, Portugal, and the Garabit 
viaduct, over the Truyére River, in France, all of them hav- 
ing been built by Mr. Eiffel, and having spans of 525, 571 
and 541 feet, respectively. 
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Of suspension bridges I will only mention the Brooklyn 
bridge, with a span of 1,595 feet, designed by Roebling, and 
opened in 1883. 

At the time this bridge was built, this was the longest 
span in the world, and it has not yet been outdone by any 
other suspension bridge; but now we have the Forth 
bridge with a span, of 1,700 feet; how long it wil! be before 
a bridge is built with a longer span is difficult to say. 

The central span of the Brooklyn bridge is 1,595 feet in 
length between the two towers. These towers are built 
on solid rock, 78 and 45 feet, respectively, below high 
water, and the tops of the towers are 277 feet above 
high water. The clear headway at the center is 135 feet. 
There are four suspension cables, 154 inches diameter, 
each made of 5,282 galvanized steel wires, side by side, 
without any twist. The width of the bridge is 85 feet. 
At the center, and 12 feet higher than the rest of the 
bridge, is a footway 154 feet wide; then the passages for 
teams are on the outsice and the cable railroad between 
the footway and each of the passages for teams. 

When it is necessary to span a considerable width, and 
to leave a considerable clear height underneath the bridge, 
and when it is either not possible, or not allowable, to build 
false work underneath, we have to build the bridge out from 
the supports. Whereas several bridges have been built out 
from the supports by dint of special contrivances, the two 
kinds that would seem to be best adapted to it are sus 
pension bridges and cantilever bridges. A cantilever is the 
name given toa bracket fixed at one end and free at the 
other, the loads being placed either at the free end of the 
bracket or anywhere along it. Now, in order to render a 
bracket or cantilever able to bear a load, it must be fastened 
in some way at the fixed end so that it will not tip over, 
since the other end is free. Also, the cantilever, if loaded at 
the end, needs to possess a greater resistance the nearer we 
approach the fixed end, hence it should have a greater depth 
at the fixed than at the free end, Now, the idea of a canti- 
lever bridge is to have projecting from each of the two sup- 
ports a bracket or cantilever, these two projecting brackets 
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approaching each other, and covering a large part of the 
distance to be spanned. Then a plain bridge girder is hung 
from, and supported by, the two free ends of the two canti- 
levers, and spans the remainder of the distance. 

Now some provision has to be made to keep the canti- 
levers and their supports from tipping over. This is accom- 
plished by having another bracket extend from each support 
in the opposite direction, and tying down the free ends of 
these brackets in some way, as by tying them down to 
weights of sufficient magnitude resting on the ground, or by 
any other means that will hold them down. 

Hence, we find that cantilever bridges have a bracket, 
deepest at the supports, extending out each way from the 
support, the river bracket supporting at its free end one end 
of the central truss, while the end of the shore bracket is tied 
down in some way. In cases where it cannot be tied down, 
as where there are two cantilever spans in succession, of 
course the two brackets projecting from the middle support 
in opposite directions are easily balanced as far as dead load 
is concerned, and then sufficient stability to take care of the 
moving load must be given by providing a sufficiently large 
base for the pier or support to rest upon, the moving load 
bearing, of course, a small proportion to the dead load. 

The cantilever bridge over the Niagara River near the Falls, 
was the first bridge ever erected in the United States, and 
in the world that deserves the name; although in one sense 
any continuous girder bridge might be called a cantilever 
bridge, and although several bridges have been cantilevers 
during the building, z¢., they have been built out from the 
supports, such as the Douro bridges, or the St. Louis 
bridge. 

This cantilever bridge over the Niagara was designed by 
Messrs. Schneider, Field and Hayes. It was contracted for 
on April 11, 1883, and opened on January 1, 1884. The 
river span, or distance between the piers, is 470 feet; the 
distance from each shore abutment to each tower is 195 
feet, each tower panel being 25 feet, and each river arm 175 
feet, while the central girder is 125 feet long, and the total 
length, exclusive of the approaches, is 910 feet. 
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The largest cantilever bridge in the world, and also the 
one having the largest span, is the Forth bridge. This is a 
railroad bridge, and crosses the Firth of Forth not far from 
Edinburgh. The estuary at this place is very much exposed 
to heavy gales and rough seas, but just here is the island of 
Inchgarvie, situated about half way across; and this was 
the only place in the entire width of the stream where an 
intermediate support could be established. To bridge the 
distances from Inchgarvie to the north shore, and from Inch- 
garvie to the south shore, would require very long spans; 
thus the spans actually adopted in the Forth bridge were 
1,700 feet, whereas, in 1873, a company had actually begun 
the erection of a suspension bridge at this same place, the 
spans of which were to be 1,600 feet each, but the destruc. 
tion of the Tay bridge by the wind in 1879 brought about 
the discontinuance of the work, and the decision was made 
to erect a cantilever bridge. The plan was approved in 
1881, the work was begun in 1883, and the bridge was 
opened in March, 1890. There are, as has been explained, 
two river spans; hence, in the bridge proper we find three 
supports, one on the north shore, one on Inchgarvie, 
and one on the south shore. Each of these supports 
or towers has a cantilever projecting from each of its two 
sides, or, if we call a tower and its two projecting canti- 
levers a double cantilever, we have, in the bridge proper, 
three double cantilevers. Then uniting these in the two 
main spans are the two central girders. Of course, the 
roadway is very far up above high water, and hence there 
are long approach viaducts on both the north and the south 
sides. 

The dimensions are as follows: Total length of bridge, 
including the approach viaducts, 8,296 feet, or excluding 
them, 5,330 feet. The central tower on Inchgarvie, 260 feet 
long; the other two, each 145 feet. Each of the six cantile- 
vers is 680 feet. Each central girder is 350 feet. This 
makes each clear span in the river about 1,700 feet. 

Each of the three towers is supported on four circular 
granite piers, so placed that the centers of the four form the 
corners of a rectangle, whose width is in all three cases 120 
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feet, but whose length is, in the case of the tower on Inch- 
garvie, 270 feet, and, in the case of each of the others, 15; 
feet. 

The greater length on Inchgarvie was necessary in order 
to give the middle tower sufficient stability, since it could 
not be tied down like the other two. On top of these piers 
rest the towers, each of which consists of four columns well 
tied together by suitable bracing. These columns approach 
each other, two and two as they rise, so that their centers at 
the top form a rectangle only 33 feet wide instead of 120, 
the length of the rectangle being the same as at the base. 
Of course, there are skewbacks between the bases of the 
columns and the piers. 

While the materials were brought from elsewhere, prac- 
tically all the work had to be performed on the ground, 
hence it was necessary to build and equip very large works. 
These were situated on the south shore, whereas smaller 
works had to be established on the north shore and on Inch- 
garvie, and easy means of communication had to be estab- 
lished between them, and between them and all parts of the 
work, for freight, for passengers, and also by means of the 
telephone. Moreover, the works had to be fitted with a very 
large amount of machinery, a great deal of which was spe- 
cial machinery designed for this particular work, as will be 
seen later. 

The planning, erecting and superintending of these very 
large works alone involved an enormous amount of engi- 
neering of all sorts, the design and purchase of some, and 
the manufacture of other machinery, the erection of shop 
buildings suitable for their purpose, the arrangement of the 
machinery, the selection and arrangement of the various 
power plants, the establishment of a complete system of 
electric lighting, of a complete system of telephonic com- 
munication, of complete facilities for travel of the workmen 
by boat and by rail, and for the carrying of the materials to 
the points where they were needed, by rail or boat, as well 
as the establishing of all the machinery for handling the 
material, as cranes, etc., and of the means of running this 
machinery; the establishment of suitable means of receiv- 
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ing and distributing the materials, the steel, the fuel, the 
cement, the sand, etc., the plants for making and distributing 
compressed air, and a host of other matters, including the 
erection of a very considerable number of houses for such 
of the workmen as could not easily find quarters elsewhere. 
The amount of engineering work required to carry on all 
this properly is so great that it is difficult to form an ade- 
quate conception of its magnitude. In order to aid in the 
formation of this conception, I will give a few figures illus- 
strating the enormous scale of the operations involved in 
this work, before I proceed to the further description of the 
details of the bridge and of the work. 

The total amount of steel used in building the bridge 
proper, ¢. e., the three double cantilevers and their two cen- 
tral girders, was about 51,000 tons. The total number of 
rivets used is uncertain, but is considerably in excess of 
6,500,000. 

There were used, up to November 30, 1889, 64,315 cubic 
yards of concrete, and 48,356 cubic yards of rubble, and 
27,429 cubic yards of cut stone. The provision for carrying 
materials from the works on the south shore to the places 
where they were needed consisted of four steam launches, 
eight large steam barges, and a lot of barges or lighters 
which were towed by some of these. 

To carry the workmen to and from work, and from one 
station to another, they provided a paddle steamer capable 
of carrying 450, and also used the steam barges and steam 
launches, and besides this they had to have a number of 
special trains run on the railroads. 

Now we will proceed to consider a few of the details. 

The entire weight, of course, is taken at the bases of the 
columns that compose the towers. These columns rest on 
skewbacks, which, in turn, rest on the piers, ¢. ¢., the column 
at its base terminates in a flat plate, which rests on another 
plate, which latter is fixed to the pier. In the case of each 
tower, one of the four upper plates is rigidly fixed to the 
lower plate, but the other three are left free to slide on their 
respective lower plates, in response to change of tempera- 
ture, or to wind pressure, etc. 
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At all three stations a large amount of preparatory 
work had to be done to render it possible to establish the 
works. Thus, on the south shore, where the works were 
very extensive, a jetty, 2,100 feet long and 50 feet wide, 
was built on piles; and on this jetty a number of tem. 
porary lines of rails were laid, with sufficient space between 
them to store a great deal of the material as it arrived. 
From the shore end of this jetty an incline, operated 
by a rope and a stationary engine, led to the under- 
works, and all the material went down this incline, as well 
as the pipes conveying hydraulic pressure. Branches from 
the railroad led to all parts of the works to facilitate the 
delivery of the material to and from the furnaces, shops, 
etc., where it was operated upon. Of course, there was a 
full quota of cranes for loading and unloading. Not far 
from the jetty were laid down launching ways of timber, 
wide enough to take, side by side, two caissons of 70 feet 
diameter each. The ground where the works were placed 
had to be first levelled off in terraces, inasmuch as a great 
deal of level ground was necessary for the works. Here 
were established a carpenter’s and joiner’s shop, a large 
drawing loft, extensive drill roads, a great deal of space 
out-of-doors for erecting separate parts, and a great many 
shops containing an enormous amount of machinery, the 
greater part of it having been specially designed for 
these works. This plant kept on growing during all 
the five years that the bridge was in process of con- 
struction, so that the cost of the plant was not far from 

2,500,000. On Inchgarvie the rock all over the west end of 
the island had to be cut down to seven feet above high 
water, and ground had to be filled in and about 100 yards of 
sea wall built in order to be able to erect the necessary 
works there. Also, the whole space between the piers was 
covered with staging made of iron, its area being 10,000 
square yards. The verticals for this staging had to be put 
in place by derrick cranes, and adjusted at the bottom by a 
diver, and a pin projected into the rock to hold them. 
Indeed, the erection of this temporary work alone is worthy 
to be considered as quite a notable piece of engineering. 
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It was on this island also that the tests were made to 
determine the greatest pressure of the wind likely to come 
against the bridge. 

The work was carried on night and day, and hence the 
entire place had to be lighted, not only the shops, etc., but 
also the particular parts of the bridge where work was 
going on. For this purpose, three complete electric lighting 
plants were built and operated; the one on the south shore, 
however, was, of course, far the larger. 

From this brief sketch it is plain that there was a large 
amount of engineering of varied character required in 
establishing the works, and in making preparations for the 
erection of the bridge. It was like building very extensive 
shops, furnaces, power plants, special machinery, and pro- 
viding transportation facilities for five years, with the full 
knowledge that the works must be no longer operated at 
the end of that time, but all the machinery and appliances 
must be sold. 

Two of the piers on Inchgarvie, and all four on the south 
shore, had to be founded so far below low water that they 
had recourse to pneumatic caissons. I will give a brief 
description of them, and will endeavor to word my descrip- 
tion in such a manner as to explain what is a pneumatic 
caisson, and how it is operated. 

The caissons used in this case were made of wrought 
iron. Their form on the outside was that of a cylinder sur- 
mounted bya truncated cone, the diameter of the cylindrical 
portion being 70 feet, while the small diameter of the conical 
part was 60 feet; on top of this was fastened the temporary 
Caisson. 

Seven feet above the bottom, we find an air-tight floor, 
strongly braced. Above this floor is put concrete in such 
quantity as at first to cause the caisson to float with the 
desired immersion, and afterwards to cause it to sink. The 
space below the air-tight floor is in the form of a truncated 
cone, 70 feet in diameter at the bottom, and 56 feet at the 
top, this being the working chamber, or the chamber where 
the exeavations are made. Three shafts, each 3 feet 7 
inches, connect this air chamber with the top. When the 
VoL. CXXXVII, 30 
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caisson is in operation, one of these shafts serves for the 
ingress and egress of the workmen, and the other two for 
the ingress and egress of the materials. 

Now, the height of the entire construction, 7. ¢., perman- 
ent caisson with temporary caisson attached on top, must 
be sufficient to reach above high water when the caisson is 
fully sunk. A little above the top of the permanent caisson 
are found the tops of the three shafts already mentioned, 
and at the tops of these shafts are airlocks, through which 
entrance into, or exit from, the shafts, and hence the 
working chamber, is effected. 

Of course, the internal construction of the caisson would 
reveal a large amount of heavy bracing, but I shall not 
undertake to describe it. We thus have in a caisson, as it 
were, a huge diving bell, into the working chamber of 
which we force compressed air. This drives out the water, 
and the caisson, being so loaded as to descend just the 
right amount, and the compressed air being let on, the 
workmen proceed to make the excavation, and the material 
excavated is drawn up bya hoist through the shafts. After 
the excavation was completed, and the caisson had been 
sunk to its final resting place, the working chamber was 
gradually filled up with concrete, and also the shafts, and 
they then proceeded to fill the whole up with concrete to the 
level of low water, and at this level began the masonry 
piers. 

The caissons were built at the launching ways, where 
they were riveted up with hydraulic riveters. When com- 
pleted, they were launched at high tide and towed to the 
end of the jetty, where the temporary caisson was attached, 
and the machinery, etc., was put on, and then they were 
towed to position. 

The granite piers were begun at 18 feet below high 
water, z.¢.,at low water level, and here the diameter of each 
pier was 55 feet, and they were built up to 12 feet 8 inches 
above high water, the diameter here being 49 feet. 

When the piers had reached a level of seven feet below 
high water, a staging was built at the height of the bed- 
plate on which the columns of the supports were to rest. By 


June, 


mea 
hole 
wer 
mad 
and 
whe 

the 
mac 
mul 
all s 

7 
fifty 
that 
in t 
the 
was 
plat 
the 
at ¢ 
be 
lifte 
the 


mer 
this 
was 
rive 
I 
ing 
sary 
that 
brid 
hav 
prog 
and 
gon 
rem 


June, 1894.] Engineering Practice and Education. 467 


means of this staging, and a template of the bed plate, the 
holding down bolts were put in place and built in. There 
were forty-eight holding down bolts in each pier; they were 
made of a special kind of steel, and had a diameter of two 
and one-half inches, increased to three inches at the ends 
where the screw thread was cut. 

As much of the work as possible was drilled with all 
the parts put together; there were a great many special 
machines, as plate-bending, multiple-drilling, edge-planing, 
multiple-riveting and others, and portable hydraulic riveters, 
all specially adapted to the special work to be done. 

The work of erection was first carried on to a height of 
fifty feet above the tops of the masonry piers, and, after 
that, hydraulic lifting platforms were constructed and used 
in the central towers. By means of these lifting platforms, 
the material was raised to the level required, and then it 
was taken to the point where it was to be used. These 
platforms were lifted by means of hydraulic rams placed in 
the central towers. Now, when the cylinder was anchored 
at any one height, the extent to which the platform could 
be lifted was the stroke of the ram. When it had been 
lifted thus far, it became necessary to raise the cylinder of 
the ram and to anchor it higher up. An ingenious arrange- 
ment, which I will not stop to describe, was devised to attain 
this object. A very ingenious riveting machine and cage 
was devised and used in doing the enormous amount of 
riveting which had to be performed in place. 

It is plain that the engineering work involved in design- 
ing the bridge and its foundations, and making the neces- 
sary calculations and drawings, was very decidedly less than 
that which had to be performed in the construction of the 
bridge, the latter comprising an enormous variety. 

Now, this is the largest bridge in the world, z. ¢., the one 
having the longest spans; but engineers are, as a rule,a 
progressive body of men, and they are constantly devising 
and erecting works of greater magnitude than any that have 
gone before, so that it is very doubtful how long it will 
remain the largest. 

Of course, the amount of engineering work involved in 
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erecting small bridges is far less than in the case of such a 
bridge as the Forth, but itis alla matter of degree, and 
the making and erecting of any bridge of any importance 
requires a great deal of engineering work. Thus, in the 
case of a moderate sized bridge more or less elaborate 
works must be on the ground, to handle the material and to 
perform the work which has to be done there, and which 
may involve riveting, drilling, punching and a variety of 
other operations. 

Indeed, now that electricity is becoming so much used 
for the transmission of power, it is not at all unlikely that 
it, too, will come into play to a considerable extent in the 
work of erecting bridges and of building them. 

Moreover, whereas the designing and building of bridges 
has been usually associated with the idea of civil engineer- 
ing, it is plain that a large, if not the larger, part of the 
work is such as is usually called mechanical engineering ; 
or, rather, it seems to me that we are forced to the conclu- 
sion that there is no one portion of engineering that belongs 
exclusively to civil engineering, and no one portion that 
belongs exclusively to mechanical engineering, but that all 
belong to engineering. 

Time will not allow me to take up a number of other 
cases of what are commonly called public works, and which 
involve a great deal of engineering. Thus, were I to 
describe to you the details of the piercing of the Mont 
Cenis or the St. Gothard tunnel, or our own Hudson 
River tunnel, which, though not completed, is a work of 
great merit; or were I to describe the operations connected 
with building canals, as, for instance, the Amsterdam Ship 
Canal, the Manchester Ship Canal, the Suez Canal, or even 
the Panama or the Nicaragua Canal, or the operations con- 
nected with the improvements of rivers, the building of 
ports, of docks, etc., you would find again a condition of 
things similar to that already explained. Allthese matters 
require a very large amount of engineering work of all 
kinds, and also the use of the most modern appliances in 
the way of machinery of all sorts, including, of course, the 
steam plant, etc. 


[Zo be continued.) 
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ARMOR PROTECTION ror HEAVY GUNS IN 
BATTLESHIPS.* 


By Wm. C. FoLz&y. 


ln a modern battleship, where a high rate of speed is t 
required, one of the chief aims of the designer, in the disposi- ; 
tion of the main armament, is to ensure it a maximum pro- ; 
tection with a minimum of weight; consequently, wherever 
weight can be saved without detracting from the offensive 
and defensive power, or seaworthiness of the vessel, it is of ; 
great importance. 

The system of mounting the heavy guns singly in several 
armored stations at a considerable distance apart, interferes 
with the efficiency of a good auxiliary armament; it increases 
and complicates the amount of gear necessary for training 
the guns, and for hoisting the ammunition to the guns; it 
also increases the weight of armor necessary for protection, 
as compared with the system of mounting the heavy guns 
in pairs in a less number of protected stations. } 

The design that combines great offensive power with a tf 
minimum weight of armor, and at the same time has the 
guns well protected, is the system of mounting the heavy 
guns in pairs in two armored stations placed at each end of 4 
the vessel, and working independently of each other, so that F 
there is no fear of simultaneous disablement from an 
enemy’s gun fire, as in this arrangement all the heavy guns 
can be utilized with the auxiliary armament for a broadside 
discharge. To carry guns of the largest calibre now made, 
ships must necessarily be of large dimensions and heavy dis- 
placement, and I think that the very heavy battleships that 
have been constructed, and are still being built, in foreign ff 
navies, are no doubt very good as gun platforms, but they ii 
have the drawback of not being such good sea vessels, and cn 
the point of seaworthiness has been partly lost sight of in 


* Read at the Stated Meeting of the Section of Engineers and Naval 
Architects, April 24, 1894. 
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the attempt to form huge floating batteries. These large 
vessels roll very heavily in a seaway,and the weights being 
local, so to speak, the strains that are brought to bear on a 
vessel in such a condition are enormous, to withstand which 
she must be strengthened in such a manner that the weight 
of the hull is increased considerably at the cost of the armor 
protection. Thewriter believes that in the future, when we 
have gained more practical knowledge of the working of 
vessels of this class at sea, the limit of size for a battleship 
will not exceed 12,000 tons displacement. Thus in reducing 
the size of our battleships we can increase their number for 
‘the same amount of money expended. 

As the guns of large calibre that have been tried in dif- 
ferent navies have not been altogether successful for various 
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reasons, guns of a smaller calibre are now being adopted; 
in the British Navy, the 13°5-inch, sixty-seven ton gun 
being used, but the most recent ships will have 12-inch 
guns. In the Italian Navy they use a gun of sixty-eight 
tons; and a forty-five ton gun is largely used in the French 
Navy ; and it is probable that the future guns for ships will 
decrease rather than increase in size, so that for illustration 
I have chosen a mounting suitable for 12-inch guns. 

There are two systems of mountings for heavy guns, both 
of which are in common use; namely, “ barbette mount- 
ing” and “turret mounting ;” and we will now briefly review 
the advantages and disadvantages of each. 

Barbette Mounting.—In the earlier ships built on the bar- 
bette system, the redoubt armor was only carried down 


June, 
suffi 
bott 
a cil 
niti 
turr 
was 
for 
and 
car 
wo 
we 
34¢ 
arr 
firi 


June, 1894.] Engineering Sectton. 471 


sufficiently to protect the turntable, having a thick plated 
bottom, the weight of which was transmitted to the hull by 
a circular support and by the bulkheads below. The ammu- 
nition for the guns was either hoisted up direct into the 
turntable, as in Fig. z,in which case an armored cylinder 
was carried from the protective deck to the barbette floor, 
for protection of same; or it was hoisted up at the rear end 
and outside of the turntable, as in Fig. 2. 


In this case the rear plates of the redoubt armor were 
carried down to the protective deck and an arc of armor 
worked round the hoists below the barbette floor. The total 
weight of armor, including a three-inch floor plate, was only 
340 tons in Fig. 7; and in Fig. 2, which is a totally different 
arrangement, 430 tons. But with the development of quick- 
firing guns, throwing shells of high explosive power, this 
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system of armoring barbettes did not afford sufficient pro. 
tection, as a shell bursting between decks underneath the 
barbette floor, would throw the turntable out of gear and 
thus cause the disablement of the guns; therefore, in bar- 
bettes, the armor had to be increased in depth, as shown in 
Figs. 3 and 4, an arrangement which completely protects the 
gun mountings. With this arrangement of armor, a shell 
bursting inside the ship would have to pierce the redoubt 
armor before any damage to the gun mounting could be 
sustained. 

Fig. 3 represents an armored barbette, with the armor 
‘carried down to the protective deck, which, in conjunction 
with the side armor of the ship, completely protects the 
turntable and all gear. The weight of armor in this ar- 
rangement is 450 tons, or 110 tons more than in Fig. 7. 


FIG. 3. 

In this type of barbette, the ammunition is carried from 
the ammunition-passing room up through a center cylindri- 
caltubedirectly tothe guns. This arrangement of barbette 
appears to combinethe highest economy in weight of armor 
with the maximum protection; but its disadvantages are that 
the carrying of the ammunition directly up into the turn- 
table necessitates the crowding of a good deal of gear into 
a small space. The rammers also are placed in the turn- 
table, being of the telescopic type; and the turning engine 
must be situated below the protective deck and geared up 
to the turning rack. In some designs a hydraulic turning 
engine is fitted in the turntable, and works with a short 
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shaft and pinion on to a rack underneath the turntable, but 
this adds still further to the crowding of gear in the turn- 
table, which is not to be commended. 

Fig. 4 reptesents a barbette with the armor carried down 
to the protective deck. The armor at the rear end can be 
decreased in thickness, as in conjunction with any diagonal 


| 


armor that may be fitted there is less likelihood of a shot 
striking here. The armor is shaped as shown in the plan 
view, Fig. 4. The ammunition comes up the hoists at the 
rear or narrow end, where the rammers are situated, and 
loads from the cage in the hoists into the guns. In this 
arrangement the guns have to be trained into the fore and 
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aft direction, after each discharge, toreload. This is a dis. 
advantage, as compared with the plan shown in fig. 3, 
in which loading can be done in any position; but a rate of 
discharge of one round in less than two minutes can be 
maintained, which is very little below that of Fig. 3. The 
turning engine, which may be either steam, hydraulic or 
electric, can be placed below the barbette floor, and with a 
short shaft and pinion wheel work on to a rack, which is 
placed at the extreme diameter of the turntable; this en- 
sures smoother working and less strain on the engine. 

Electric hoisting and turning engines have been fitted in 
some cruisers of the French Navy, and in a battleship for 
the Chilian Navy, and, I believe, have worked well. 

The weight of armor in this barbette (ig. 4), is about 


FIG. 5. 
sixty-five tons more than that of Fig. 37, but the turntable 
itself is much lighter, owing to the absence of the center 
ammunition cylinder and gear attached to same. 

Having now given a rough idea of the arrangement and 
working of two different types of barbettes, we will now 
proceed to contrast them with turret mountings. 

Turret Mounting.—In the turret mounting, the protection 
of the heavy guns consists of fifteen-inch armor on the turret, 
redoubt armor also being fitted for protection of turret base 
and ammunition apparatus. 

Fig. 5 represents a turret arrangement, the axis of the 
guns being seventeen feet above L.W.L., the vessel having 
a freeboard of eleven feet forward; weight of turret and 
redoubt armor being 406 tons. 
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Now, for sea-going battleships, a high freeboard forward 
is advisable, as it is possible to maintain, with such ships, a 
high rate of speed, and fight the guns in a seaway. In 
obtaining the freeboard, however, we must keep our weight 
as low as possible so as to have a stable ship and steady 
gun platform. At the same time we must not minimize 
our protection. Although eleven feet is enough freeboard 
for a coast defense vessel, or for the after end of a sea-going 
vessel, it is not sufficient for the forward end. A reference 
to the following table will show that by adopting the bar- 
bette arrangement (Fig. 3) instead of the turret, we get a deck 
more forward, giving us a freeboard of eighteen feet with 


TABLE, 


Weicut oF Armor, } THICKNESS OF 


above L.W.L. 


Axis of Guns 


Barbette | 18’ o” 


| Barbette Base plate 40 23’ o” 18’ o” 
Barbette 23’ o” 18’ o” 
Barbette 23’ o” 18 o”” 

| 17’ o” 11’ of” 


| 
Turret | 
Turret 24’ 6” 18’ o” 
| 


Turret 23’ o” 18’ o” 15” | 25”, 


an increase of only fifty tons of armor, the center of gravity 
of said weight being almost the same in each case. 

Fig. 6 represents a turret, the arrangement and working 
of which are the same as for the barbette, Fig. 3. The axis 
of the guns above L.W.L. is twenty-four feet six inches, but 
the weight of armor necessary for protection is considerable, 
namely 565 tons. 

But in the turret arrangement the total weight of the 
turntable exceeds that of the turntable in the barbette 
arrangement by 300 tons, and this weight it must be remem- 
bered is very high up, which is a considerable factor when 
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the stability is concerned. Then again the power of the 
turning engines must be increased to turn this extra weight. 

Fig. 7 represents a turret mounting, the arrangement and 
working of which are the same as in the barbette, Fig. 4. 
The total weight of armor, in Fig. 7, is ninety tons in excess 
of that of Fig. 6, this increase being in the redoubt armor; 
but owing to the turntable being lower (thus reducing the 
depth of the turret armor), the turret armor is 110 tons less 
in weight than that of Fig 6, thus reducing the total weight 
of the turntable. 

Other methods of working turret armor have been tried, 
such as having the armor on the turrets sloping. This 
reduces the weight of armor, but it curtails the room inside 
the turntable; and the armor is also difficult to roll and 


Fic. 6. 
machine to the proper bevel at top and bottom. But this 
can be partly overcome by working the armor plates flat, 
thus forming a polygon in plan view. This method is 
adopted in the barbettes in the Italian Navy. 

Backing for Armor.—The structure for holding the 
redoubt armor plates in position is generally formed as fol- 
lows: Two thicknesses of steel plates are worked for the 
depth and extent of the armor, stiffened by vertical and 
horizontal bracket plates and angles, connected firmly to 
the ship’s hull, and the stiffening spaced so as to allow a 
good disposition of armor bolts. Wood backing is then 
connected to the outside surface of this structure by means 
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of galvanized iron or steel bolts, the heads of which are 
sunk beneath the finished surface of the backing and cov- 
ered with wooden dowels. Hempen grummets covered with 
red lead are placed underneath the washer of the nuts on 
the inside of the two steel plates, to ensure watertightness. 
The wood backing must be caulked and the seams payed 
with a waterproof composition; and before fitting the armor 
plates, a thick layer of red lead, or approved composition, 
should be applied on the outer surface. The wood backing 
is trimmed down from a template taken from the armor 
plate itself, so as to ensure an exact fit. The practice of 
fitting redoubt armor without wood backing is not to be 
commended, as there is always a certain amount of working 


FIG. 7. 


in a seaway or from the blast of the guns; and it is easier 
to heave up the armor bolts and maintain the watertightness 
of the work when wood backing is fitted. The extra weight 
due to fitting backing and the slightly increased diameter 
of armor to fit same, is more than compensated for by 
the efficiency of the work done. 

Armor Plates.—Great care must be exercised in the fitting 
of the armor plates. They should be made to fit as nearly 
as possible metal to metal at the butts, and caulked where- 
ever they are so fitted. Where they do not fit accurately, 
small pieces of metal will be driven into the spaces and then 
caulked flush with the face of the plate. The plates are 
held in place by means of bolts, standard sizes being used 
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for certain thicknesses of armor, the number being propor- 
tional to the outer surface of the plate. For fifteen inch 
armor one bolt is allowed for every four and one-half square 
feet of surface. Wherever the projection inward from the 
two thicknesses of plates must be reduced to a minimum, 
distance sleeves are not fitted, the bolt-head being heaved up 
against an india-rubber washer in a steel hexagonal cup, thus 
making the passage of the bolt through the plating water- 
tight. When no distance sleeve is fitted the weight of the 
armor is taken on the thread in the plate itself, and not on 
the thread on the inner end of the bolt, as is usual where 
‘space will allow. The threads of armor bolts are similar to 
the thread of the breech plug of the modern gun, that is, 
each side of the thread has a different angle, the strain 
being on the steep side when the bolt is in tension, thus 
making it able to bear a greater strain than a thread of the 
ordinary screw type. 

In comparing the barbette and turret arrangements we 
will take Figs. 3 and 6, as both have the same freeboard, 
but the axis of guns above L.W.L. is slightly less in barbette 
mounting. The diameter of the armor for barbette is 
greater, so as to admit of a turntable of suitable size for the 
guns, consequently there is a slight increase in the compari- 
son of the weights of redoubt armor; but when the weight 
of the turret armor is taken into account, there is a saving 
in the total weight in the barbette arrangement of over 100 
tons, which weight is at a considerable height above 
L.W.L. Therefore, it may be taken that in the matter of 
weight and horse-power of turning engine, the barbette has 
the advantage. It may be said that in the barbette arrange- 
ment the guns are more exposed to damage. This is quite 
true, but it must be remembered that the range of these 
guns is over ten miles, and that probably in an engagement 
the firing will commence at a long range, and a gun at this 
distance is a small object to hit. It is probable, also, that 
the enemy will aimat the center or highest part of the ship, 
and if the guns are mounted in pairs at the ends of the 
vessel the chance of hitting the guns is not much greater 
than if mounted in a turret. 
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In the turret arrangement the muzzle of the gun is 
exposed, and, if hit, is disabled, so that the protection to 
the guns is not much greater with a turret than with a bar- 
bette mounting. Then again, the men are as much pro- 
tected in the barbette mounting as in the turret mounting, 
as the top of the turntable or turret is the same in each 
case, being protected by means of a thick nickel-steel plate, 
one or two thicknesses of thin plating being worked beneath 
the thick plate to which it is connected, by means of rivets 
countersunk top and bottom, to do away with rivet-heads 
inside the turntable, as a shot striking the thick plate 
would cause the rivet-heads to fly off, and bea source of 
danger to those working the guns. Thick steel hoods are 
placed on top to afford protection for sighting purposes. 
Another point worth noticing in the turret arrangement is 
this, that if the turret is struck by a heavy projectile of high 
velocity there is a chance of throwing the turntable out of 
gear. This is also a reason for keeping the roller path at 
the greatest diameter of turntable, as it adds to smoothness 
of working, and does not bring so much strain on the 
holding down clips. 

Reference to the table shows that the comparison of bar- 
bette and turret mountings certainly favors the barbette 
arrangement, as far as weight is concerned, and as the 
turntable bases, turning gear, etc. (which after all is the most 
vital part of the mountings), are equally protected in both 
cases, the extra weight involved in protecting a small por- 
tion of the guns by means of a turret seems to be misplaced, 
as such extra weight might be employed in increasing the 
thickness of the redoubt or side armor. 

The marked improvements in the manufacture of armor 
has been the means of a great saving in the weight of 
armor for a certain amount of protection. The race for 
supremacy between armor and guns has been carried on 
incessantly, and as the destructive power and penetrating 
energy of the projectile has increased, so also the defensive 
power of the armor has been increased. 

From the old armor plate which we can all remember, to 
the compound armor plate with a hardened steel face, was a 
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step in the right direction, and further improvements have 
furnished nickel-steel.and Harveyized armor plates, both of 
which have given’ good results, so that now we can use 
armor of half the thickness and weight formerly used and 
still have as great protection, and as long as we can use 
armor around our gun stations to resist penetration, it gives 
us the advantage of having our guns protected and of being 
able to strike a blow at any enemy. 

In conclusion, the writer hopes he has placed some points 
before you worthy of discussion. 


Franklin Institute. 


{ Proceedings of the stated meeting, held Wednesday, May 16, 1894.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 16, 1894 
Mr. JOSEPH M. WILSON, President, in the chair. 

Present, forty-six members and six visitors. 

Additions to membership reported since last meeting, nine. 

The Secretary read a letter from Mr. Thomas P. Conard, conveying his 
acceptance of election to the Board of Managers. 

Mr. E. P. Reichhelm, of New York, read a paper describing the system 
and apparatus of the American Gas Furnace Company. 

Mr. Louis Krumbhaar gave a description of a new apparatus designed for 
manifolding or producing a large number of printed copies of a document 
from a stenciled original made on the typewriting machine. The invention 
consists of an improved printing apparatus, called the ‘ diagraph,’’ which 
was exhibited and shown in practical operation by the inventor, Mr. Thomas 
H. Stackhouse. 

Mr. Constant de Redon, of New York, exhibited a large number of 
specimens of aluminum soldered joints, made by the process and material 
used for the purpose by the Alsite Aluminum Company, of that city. He 
gave a practical illustration of the method of using the solder, by making a 
number of joints. Among the numerous exhibits presented by the company 
were specimens of articles of aluminum handsomely electroplated with gold 
and silver. 

The subjects presented by Mr. Krumbhaar and Mr. de Redon were 
referred to the Committee on Science and the Arts for investigation. 

Mr. Edward Brown described and showed the practical application of a 
new form of pyrometer devised by him for service in indicating temperatures 
up to about 2,000°. 

The Secretary's report embraced an account of the salient features of the 
Manchester Ship Canal, which was illustrated with lantern views. 

Adjourned. Ws. H. WAHL, Secretary. 
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PENNSYLVANIA STATE WEATHER SERVICE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


T. F. TOWNSEND, WEATHER Bureau, L. F.O. IN CHARGE. 


MONTHLY WEATHER REVIEW. 
For APRIL, 1894. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, April 30, 1894. 


GENERAL REVIEW. 


The average temperature for March was 48°'o, which is normal. 

The average rainfall, 3°62 inches, is an excess of 0°34. 

The warmest days were the 17th, 18th, 19th, 20th, 27th, 28th and 3oth, 
and most stations report the 3d as the coldest. 


Precipitation was general on the 4th, 5th, 6th, 7th, 8th, roth, 11th, 19th, 
20th, 21st, 22d and 28th. That of the roth and 11th was a remarkably heavy 
snowstorm, being particularly severe in the interior and eastern portions of 
the State. Over two feet of snow fell in some sections and interrupted travel 
for a short time. The damage to fruit by this storm was less than at first 
estimated, but many trees were broken and injured, and some early peaches 
killed. 

A heavy hail, rain and thunderstorm, amounting to 5'95 inches, occurred 
at Somerset on the 28th. 

From January 1, 1894, to April 30, 1894, the excess in temperature at 
Philadelphia was 338°; at Erie, 395°, and at Pittsburgh, 416°. 

For the same period the deficiency in precipitation at Philadelphia was 
3°32; Erie, 3°22; and Pittsburgh, 0°54. 
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The means of the daily maximum and minimum temperatures, 58°°6 and 
37°°4, give a monthly mean of 48°0, which is the normal for the State, and 
o°'4 above the corresponding month of 13893. 

The average daily range was 21° 2. 

Highest monthly mean, 53°°3 at Kilmer. 

Lowest monthly mean, 41°’9 at Wellsboro. 

Highest temperature recorded during the month, 83° on the 27th at 
Kilmer. 

Lowest temperature, 5° on the 5th at Drifton. 

Greatest local monthly range, 69° at Dyberry. 

Least local monthly range, 49° at Harrisburg. 

Greatest daily range, 50° at Hollidaysburg and Drifton. 


BAROMETER, 


The mean pressure for the month, 30°06, is about ‘06 above the normal. 
At the United States Weather Bureau Stations, the highest observed was 
30°45 at Philadelphia on the 30th, and the lowest 29°45 at Philadelphia on 
the 11th. 
PRECIPITATION, 


The average precipitation, 3°62 inches for the month, is an excess of 0°34. 
The largest totals in inches (including melted snow) were Somerset, 10°00; 
Wellsboro, 8°69; Lock Haven, 6°42; Le Roy, 6°12; Shingle House, 5°61, and 
Salem Corners, 5°32. 

The least were Altoona, 1°69; Erie, 1°74; Easton, 1:90; Chambersburg, 
1°96; Frederick, 2°03, and Beaver Dam, 2°22. 

The largest monthly snowfall totals in inches were Salem Corners, 38°2 ; 
Lock Haven, 360; Selins Grove, 33°0; Le Roy, 32°5; Hamburg, 300, and 
Coatesville, 29°2. 

WIND AND WEATHER, 


The prevailing wind was from the Northwest. 

Average number: rainy days, 11; clear days, 11; fair days, 8; cloudy 
days, II. 

MISCELLANEOUS PHENOMENA. 

Thunder Storms.—Le Roy, 4th, 20th ; Quakertown, 20th ; Johnstown, Igth, 
20th, 28th ; Emporium, 20th; State College, 19th, 27th, 28th; West Chester, 
2oth ; Coatesville, 20th; Kennett Square, 16th, 20th, 28th; Phoenixville, 2oth, 
28th; Grampian, 19th; Lock Haven, 4th, 20th; Bloomsburg, 4th, 5th, 7th, 
2oth; Saegerstown, 20th; Uniontown, 19th; Carlisle, 20th, 27th, 28th; 
Huntingdon, toth, 20th; Kilmer, 20th, 27th, 28th; New Castle, 28th; 
Coopersburg, 20th, 27th; Pottstown, 20th; Kane, 27th; PAsladelphia 
[Weather Bureau], 2oth, 28th; [Centennial Avenue], 4th, 20th, 28th ; [Lo- 
cust Street], 20th; Shingle House, 1gth, 20th; Selins Grove, 2oth, 28th ; 
Somerset, 19th; Wellsboro, 4th, 20th ; Lewisburg, 20th, 28th ; Dyberry, 2oth ; 
Honesdale, 2oth; Ligonier, 19th, 20th, 28th ; South Eaton, 2oth. 

Hail.—Le Roy, 20th; Quakertown, 2ist; Cassandria, 20th, 22d, 29th; 
Phoenixville, roth; Lock Haven, 5th; Bloomsburg, 2oth; Sagerstown, 27th; 
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Carlisle, 20th ; Huntingdon, 20th; Greenville, 20th, 28th ; Philadelphia [Cen- 
tennial Avenue], 20th; Shingle House, 4th; Selins Grove, 20th ; Somerset, 
28th; Lewisburg, 20th; Ligonier, 28th; York, 4th, 2oth, 28th. 

Snow.—Hollidaysburg, 7th; Cassandria, 5th, 7th; Johnstown, roth, 11th; 
Emporium, roth, 11th; Mauch Chunk, 6th, 7th, roth, 11th; West Chester, 
oth, r1th; Coatesville, roth, 11th, 12th; Kennett Square, roth, 11th, 12th; 
Phoenixville, 7th, 1oth, 11th; Grampian, 5th, 7th, roth, 11th; Lock Haven, 
7th, roth, rith, 12th; Bloomsburg, roth, 11th; Carlisle, roth, 11th; Harris- 
burg, toth, rith; Huntingdon, roth, 11th; Kilmer, roth, 11th; Lancaster, 
oth, rith, 12th; New Castle, 7th; Lebanon, 7th, roth, 11th, 12th; Coopers- 
burg, roth, 11th; Drifton, 4th, 6th, 7th, roth, rth; Wilkes-Barre, roth, 11th; 
Kane, 7th, roth, 11th; Smethport, 7th, roth, 11th; Pottstown, 11th; Easton, 
iith; Philadelphia [Centennial Ave.], 6th, 7th, roth, 11th; Shingle House, 
7th, 8th, roth, rth, 12th; Somerset, roth; Lewisburg, roth, rith, 12th; 
York, roth, r1th, 12th. 

Sleet.—Le Roy, 5th; Cassandria, 7th, roth; Phoenixville, roth; Coopers- 
burg, 11th; Kane, roth; Logania, 4th, 8th; Philadelphia [Locust Street], 6th, 
toth; Somerset, roth, 11th; York, toth, 11th. 

Frost.—Hollidaysburg, 2d, 3d, 6th, gth, 16th, 26th ; Quakertown, 3d, 5th, 
goth, 15th, 16th, 23d, 24th, 26th ; Cassandria, 2d, 3d, 6th, 7th, 8th, oth, 26th; 
Johnstown, rst, 3d, 6th, 7th, oth, 11th, 12th, 15th, 16th; Emporium, 2d, 3d, 
gth, 13th, 14th, 15th, 16th, 18th, 26th, 30th; Mauch Chunk, 34d, 7th, 16th, 
23d; State College, 3d, 6th, 7th, 14th, 15th, 16th, 26th ; Grampian, 2d, 3d, 
15th; Lock Haven, 3d, 4th, 7th, 8th, oth, 11th, 13th, rath, 15th, 16th, 26th ; 
Bloomsburg, 3d; Uniontown, gth, 15th, 25th, 26th; Huntingdon, 3d, 4th, 
rsth, 16th, 26th; Kilmer, 3d, 16th, 17th; New Castle, 2d, 3d, 6th, 7th, 8th, 
oth, 11th, 12th, 13th, 14th, 15th, 16th, 25th, 26th; Wilkes-Barre, 3d; Kane, 
3d, 25th, 26th; Greenville, 13th, 14th, 15th, 25th, 26th; Easton, 7th, 23d; 
Philadelphia {Centennial Avenue], 3d; Shingle House, 16th, 26th, 27th, 30th ; 
Somerset, gth, 25th, 26th, 27th; Wellsboro, 2d, 3d, 6th, 7th, 8th, gth, roth, 
rtth, 12th, 13th, 14th, 15th, 16th; Dyberry, 2d, 3d, 4th, 5th, 6th, 7th, 8th, 
gth, roth, rith, 12th, 14th, 15th, 16th, 25th, 26th, 30th; Honesdale, 24th; 
South Eaton, 2d, 3d, 6th, 7th, 8th, roth, 11th, 12th, 15th, 16th; York, 3d, 6th, 
7th, gth. 

Aurora.—Saegerstown, 15th. 

Corone.— Philadelphia [Centennial Avenue], 16th ; [Locust Street], 16th. 

Solar Halo.—Philadelphia [Weather Bureau], 3d, 18th, 27th; [Centen- 
nial Avenue], 3d, 18th, 26th; Wellsboro, 27th. 

Lunar Halo.—Pheenixville, 18th; Saegerstown, 15th; Philadelphia 
[Weather Bureau], 18th [Centennial Avenue], 18th. 
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JUNE WEATHER. 
From United States Weather Bu rea u Records. 
The following data, compiled from the records of observations taken dur- 
ing the length of time given at each station, show the average and extreme 


conditions during that time, and also the range within which weather varia- 
tions may be expected to keep in any future June. 


Philadelphia. Pittsburgh. Erie. 
(23 years.) (23 years.) (21 years.) 

Highest temperature recorded, . . . 98° 68° gi? 

20th, 1893 28th, 1874 28th, 1874; 24th, 1875 
Lowest temperature recorded, . 47° 39° 42° 
15th, 1884 7th, 1879 7th, 1879 
Average date of last ‘‘killing’’ 

April oth April 27th April 3cth 
Average precipitation (inches),. . . 3°20 3°63 4°08 
Average number of days with ‘or 

Greatest monthly precipitation, . 6°81 6°84 
Least monthly precipitation, "47 1°22 

Greatest amount in 24 hours,.... 2°88 | 2°52 3°64 
22d and 23d, 1887 gth, 1881 6th, 1887 
Average number clear days, .... 9 8 9 

Partly cloudy, . . 13 15 13 
| 
Prevailing direction of wind,. . . . SW NW Sand SW 
Highest velocity, miles per hour, . . 46 35 35 
roth, 1888; 7th, 188 


Montaiy Summary or Reports sy VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHEK SERVICE FOR APRIL, 1804. 
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MEAN TEMPERATURE, RAINFALL AND PREVAILING WIND L 


March 1894 completed the series of Normal Temperature Maps. 
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March 184 completed the series of Normal Temperature Maps. 
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The Boyden Premium. 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited with the 
FRANKLIN Lystiturs the sum of one thousand dollars, to be awarded as a Pre- 
mium to 


“Any resident of North America who shall determine 
by experiment whether all rays of light, and 
other physical rays, are or are not trans- 
mitted with the same velocity.” 


The following conditions have been established for the award of this Premium : 

1. Any resident of North America, or of the West India Islands, may be a com. 
petitor for the Premium ; the southern boundary of Mexico being considered as the 
southern limit of North America. 


2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a 
memoir, describing in detail the apparatus, the mode of experimenting, and the results; 
and all memoirs received by him before the first day of January, one thousand eight 
hundred and ninety-five, will, as soon as possible after this date, be transmitted to the 
Committee of Judges. 

3. The Board of Managers of the FRANKLIN INsTITUTE shall, before the first day of 
January, one thousand eight hundred and ninety-five, select three citizens of the United 
States of competent scientific ability, to whom the memoir shall be referred; and the 
said Judges shall examine the memoirs and report to the FRANKLIN INSTITUTE whether, 
in their opinion any, and, if so, which of the memoirs is worthy of the Premium. And, 
on their report, the FRANKLIN INsTrTUTE shall decide whether the Premium shall] be 
awarded as recommended by the Judges. 


4. Every memoir shall be anonymous, but shall contain some motto or sign by which 
it can be recognized and designated, and shall be accompanied by a sealed envelope, 
endorsed on the outside with some motto or sign, and containing the name and ad- 
dress of the author of the memoir. It shall be the duty of the Secretary of the FRANK- 
LIN INSTITUTE to keep these envelopes securely and unopened until the Judges shall have 
finished their examination; when should the Judges be of opinion that any one of the 
memoirs is worthy of the premium, the corresponding envelope shall be opened, and 
the name of the author communicated to the INSTITUTE. 

5. Should the Judges think proper, they may require the experiments described in 
any of the memoirs to be repeated in their presence. 

6. The memoirs presented for the Premium shall become the property of the 
FRANKLIN INSTITUTE, and shall be published as it may direct. 

Notg,—The sealed envelopes provided for in condition No, 4, which may accom. 
pany unsuccessful me noz-rs, will be destroyed unopened, in the presence of Board 
of Managers. 
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PHILADELPHIA CAR WORKS. 


j. G. Brill & Co., Car Builders 
Philadelphia. 


Railway and Tramway cars of all kinds. Particular atten- 
tion given to building of cars for export. 


WILLIAM CRAMP & SONS’ 


Ship and Engine Building Co. 


PHILADELPHIA. 
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THE LANE & BODLEY Co. 
CINCINNATI, 


Manufacturers of 


Corliss Automatic 
Engines 


Of all sizes. Strictly 
first-class every 


respect. 
Shafting, Hangers 
and Pulleys. 
Complete Steam 
Plants. 
SAW MILL MACHINERY. Correspondence Solicited. 


UNIVERSAL TUBE INJECTOR 


The most Complete and Reliable Boiler-Feeder known. 
No adjustment required for varying steam pressure, 
Operated entirely by one handle. 

Will take hot water 
up te 150 deg. Fahr. 


Send for Catalogues 


of Blowers and Ven- 
tilators and Air Com- 


and Ex- 


hausters 
for all 
purpos- 
es. 


Siphon Pumps for 


OVERFLOW. 
be Exhaust Steam Induction Condensers 
and other liquids for all kinds of Steam-Engines.. 


L. SCHUTTE & CO., Sole Manufacturers, 
TWELFTH AND THOMPSON STS., PHILADELPHIA, PA. 


CYRUS BORGNER, successor to 


VE RACE 
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PHREDRICE & AYER, 


Manufacturers of 
RICHARDS’ PATENT OPEN-SIDE 
PLANERS AND SHAPERS. 


UNIVERSAL MILLING MACHINES. 
Special Tools for Railway Repair Shope. 


Portable and Stationary Cylinder 
Boring Machines. 


1001 & 1003 Hamilton Street, - Philadelphia, Pa. 

aR FROM | TO 40,000 POUNDS WEIGHT. 

Of Open Hearth, Chester or Bessemer 

Steel. 

True to Pattern. Sound. Solid. 

Gearing of all Kinds, Crank Shafts, 

Knuckles for Car Couplers. 

Gross-Heads, Roekers, Piston-Heads, etc., for Locomotives. 


Steel Castings of Every Description. 


CHESTER STEEL CASTINGS CO. 


WORKS, CHESTER, PA. OFFICE, 407 LIBRARY ST., PHILA., PA, 


ESTABLISHED 1840. 


HENRY TROEMNER, 
710 Market Street, - Philadelphia. 


MANUFACTURER OF 
% Assay Balances, 
Analytical Balances, 


Chemical Balances, Fine Weights, &c., &c. 


4@-Price List on Application.-“@s 


Washing and Testing 
Boilers with Hot Water. 


FA 


ing, 
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s INJECTORS AND JET APPARATUS, | 
Rue M’fg Co., Philadelphia, Pa. 
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FAIRMOUNT MACHINE COMPANY 


SUCCESSORS TO 
THOMAS WOOD COMPANY 


Twenty-Second and Wood Sts. 
PHILADELPHIA. 


SHAFTINGS, PULLEYS, 
COUPLINGS, FRICTION PULLEYS, 
HANGERS, GEARING. 


Sheave Wheels any size required for Hemp; Manila and Cotton 
Rope Driving. 


Machinery for weaving, beaming, warping, winding, spool- 
ing, reeling, dyeing, sizing, calendering, fulling, scouring, &c. 
Also, power hoisters or elevators. 


Morse Elevator Works. 
MORSE, WILLIAMS & CO. 


and Builders of 


Electric, Belt and Hand-Power 
Passenger and Freight 


Office: {uss Frankford Ave., one | Works: { Frankford Ave., Wildey 


Square bel. Girard Ave. and Shackamaxon Sts. 


PHILADELPHIA, PA. 
108 Liberty Street, New York. 33 Lincoln Street, Boston. 


82 Church Street, New Haven. 1116 E St., N. W., Washington, D. C. 


J. E. LONERGAN & CO. 


. 211 RACE STREET, 
— Manufacturers of —— 


| Oilers, Lubricators & Pop Safety Valves 


Railroad, Machinists’, Mill Supplies, 
and Brass Castings. 
Catalogue free on application. 
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THOROUCH INSPECTION. 


insurance against loss or damage to property and loss of life 
and injury to persons caused by 


STEAM BOILER EXPLOSIONS. 


Full information concerning the plan of the Company’s operations can be obtained at the 


COMPANY’S OFFICE, HARTFORD, CONN. 


OR AT ANY AGENCY. 


J. M. ALLEN, Pres. W.B. FRANKLIN, V. Pres. FRANCIS B. ALLEN, 24 V. Pres. J. B. PIERCE, Seot. 
BOARD OF DIRECTORS. 


J. M. ALLEN, President. | How. HENRY C. ROBINSON, Attorney-at-Law, 
FRANK W. CHENEY, Treas, Cheney Bros.’ Hartford, Conn. 
Silk Manufacturin; Co. | How. FRANCIS B. COOLEY, of mre National 
CHARLES M. BEACH, of Beach & Co. Exchange Bank, Hartford, Co: 
DANIEL of Adams Ex press Co. EDMUND STEDMAN. of the 
RICHARD W. JARVIS, Pres. MColt’s Fire | Fidelity Co * of Hartford, Conn. 


THOS. O. ENDERS, Pres. United States Bank. Works Philadely 
LEVERETT BRAINARD, of The Case, Lock. Hon. NATHANIEL SHIPMAN, Judge, U.S. 
wood & Brainard Co. Circuit Court 
Gen. WM. B. FRANKLIN, late U. 8. Commis- | C. C. KIMBALL, Pres. Smyth Mfg. Co., Hart- 
sioner to the Paris Exposition ‘ord, Conn 
NELSON HOLLISTER, of State ‘Bank, Hart- PHILLIP CORBIN, of P. & F. Corbin, New 


ford. Britain, Conn. 
GENERAL AGENTS. OFFICES. 
THEO. H. BABCOCK, New York City, Office, 285 Broadway. 
CORBIN & GOODRICH, Philadelphia. o 432 Walnut t. 
LAWFORD & McKIM, Md. Street, 
mn, Mass., 5} t. 
C. E. ROBERTS, R.L, 29 Weybosset St. 
H. M. LEMON, Chicago, I1l., - 112 Quincy Street. 
Cc. C. GARDINER, St. Louis, Mo., a 404 Market Street. 
L. B. PERKINS, Hartford, Conn., - 218 Main Street. 
W. G. LINEBURGH & SON Bridgeport, Conn., ae 2 Sanford B’l’g. 
BURWELL & BRIGGS, Cleveland, Ohio, oe 208 Superior Street. 
MANN & WILSON, San Francisco. Cal., ” 306 Sansome Street, 
ZOLLARS & McGREW, Denver, Col., a Morris bu x. B'l’g. 
R. F. MANLY, Birmingham, Ala., Morris 
W. 8S. HASTIE & SON, Charleston, 8. C. = Street. 
PETER F. PESCUD, New Orleans, La. iss St. 
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OWE. Rrrom GASOLINE 


DIRECT FROM THE TANK 


CHEAPER Tuan STEAM. 

ne No Boiler. No Steam, No Engineer. 

Unexcelled for running El 
) 


OTTO GASOLINE ENGINES 


Stationary or Portable. 
1 to 50 H. P. 8 to 20 H. P. 


OWER FROM GAS 
TOWN Of PRODUCER GAS. 


Coal Gas Consumption 15 to 20 cubic feet per H. P. per hour, 
according to quality of Gas and size of Engine 
Producer Gas, one pound of Anthracite Pea per H. P. per hour. 
Send for Catalogue, Prices, etc., describing work to be done. 
OTTO GAS ENGINE WORKS, 
33d and Walnut Sts., Philadelphia. 


JACOB NAYLOR, 
PEOPLE’S WORKS, 


GIRARD AVE. AND FRONT ST. 
PHILADELPHIA. 


Corliss Engines, Boilers & Tanks 
Shafting and Gearing, Couplings, Pulleys and Hangers. 


STEAM AND HAND ORANES AND HOISTING MACHINERY. 


GENERAL AND SPECIAL MACHINERY 


The Rider Patent Automatic Cut-off Engine. 


General Castings of all Kinds in Green 
Sand or Loam. 


THE TUPPER PATENT GRATE BAR. 


4 
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Machines for use by Bri 
Portable Engine and Boiler Make 


Drilling, Tapping, Boring and 
Portable 


Machines for Wood Bori 
Portable Polishing and Emery Wheel 
Grinding. 


Stow Flexible Shaft Go. 


LIMITED, 


#2 26th, CALLOWHILL & BIDDLE STS. 
PHILADELPHIA, PA. 


Burk & McFetridge Co. 


Printers, 


Lithographers and Publishers 


306 and 308 Chestnut Street, 


Philadelphia. 


Publishers of «« TRAFFIC.” 


TH 
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— 


United Gas Improvement Co, 


DREXEL BUILDING, 
Chestnut and Fifth Streets, 
PHILADELPHIA. 


OFFICERS : 


THOMAS DOLAN, President. 
GEORGE PHILLER, Ist Vice-President. 
SAM’L T. BODINE, 2d Vice-President and Gen’] Manager 
RANDAL MORGAN, 8d Vice-President. 


EDWARD C. LEE, Sec’y and Treasurer. 
ALEX. C. HUMPHREYS, Gen’l Sup’t. 
WALTON CLARK, Ass’t Gen’l Sup’t. 


DIRECTORS : 


GEORGE PHILLER, W. L. ELKINS, 
WM. G. WARDEN, P. A. B. WIDENER, 
C. A. GRISCOM. W. W. GIBBS, 


BUILDERS, LESSEES AND PURCHASERS OF 
GAS WORKS 


| 
| 
{ 


xx Journal of the Franklin Institute—Advertisements. 


FRED’K A. GENTH, Jr. 
CONSULTING AND ANALYTICAL CHEMIST, 


111 S. TENTH ST., PHILA., Pa. 
(After June, 1894, No. 103 N. Front St.) 


WHITMAN & WILKINSON, 
Patent Lawyers, 


ARTHUR BEARDSLEY, 
M. Am. Soc. C. E. M.A.8.M. E. 


CIVIL ENGINEER, 


SWARTHMORE, PA. 


W. F. DURFEE, 


CONSULTING ENGINEER, 


AND EXPERT IN PATENT CAUSES. 
Mail Address; 


Telegraph and Kailroad Station : 


lishments. Machinery and Processes reported upon. 


C. L. LINDENBERGER, 


Assoc. Am. Soc. C. E. 
Wayne Hotel, DETROIT, MICH. 


Drawbridge Stresses. 
Variable Moment of Inertia. 


COLEMAN SELLERS, E.D., 


Inst. C, E., M. Inst. M. E., M. Am, Soc. &c. 


CONSULTING ENGINEER, 


OFFICE, 50 FORREST BUILDING, 
119 S. FOURTH ST., PHILA. 


F. LYNWOOD GARRISON, 


Mem. Am. Ins. M. E., Am. Soc. C. E., British Iron 
and Steel Inst., Franklin Inst. 


Geologist and Mining Engineer. 


SPECIALTIES: 
Economic Geological Surveys and 
Metallurgical Processes, 


328 CHESTNUT STREET, PHILA. 


R. H. THURSTON, 


CONSULTING MECHANICAL ENGINEER 
AND EXPERT, 


ITHACA, N. Y. 
OFFICE PRACTICE ONLY. 


DAVID EVANS, 
CIVIL ENGINEER AND ARCHITECT, 
204 S. Fifth St., Philadelphia. 


JAY M. WHITHAM, 
STEAM and HYDRAULIC ENGINEER, 


131 S. THIRD ST., PHILADELPHIA. 


WILLIAM Cc. GATZMER, 
Civil and Mechanical Engineering, 
Marine Architecture, 


182 S. Delaware Ave., and Tacony, Philadelphia. 


WM. VAN SLOOTEN, C. E. 


No. 74 WALL STREET, 
NEW YORK CITY. 


Space like this on this page, $6.00 
per year, payable on receipt of copy 
of fm containing first insertion 
of adver. 


Patents Procured. 
G. MORGAN ELDRIDGE, 
ATTORNEY AT LAW, 
807 WALNUT ST., PHILADELPHIA. 


Space like this on'this page, $12.00 
per year, payable on receipt of copy 
of Journal containing first insertion 
of adver. 


AMERICAN HARD FIBRE CO., NEWARK, DELAWARE. 


Manufacturers of Hard and Flexible Fibre for 


BLECTRICAL, MECHANICAL AND MANUFACTURING PURPOSES, 


Send for 8 


and Catalog 


930 F STREET, WASHINGTON, D.C. 


77 Jewett Ave., West New Brighton, Staten Island, N. Y. 
Port Richmond, Staten Island, N. Y. 


Pians furnished for Iron and Steel Works, Gas Furnaces, 
Machine Shops, Foundries, and other Manufacturing Estab. 
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THE JOHN SCOTT 
Legacy Medal Hreminm 


The City of Philadelphia holds i in trust under the legacy of 


John Scott, of Edinburgh, 


a sum of money, the interest of which is to be used for the encouragement of “ in- 
genious men and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in- 
ventions shall merit the same. The examination of the inventions submitted for 
the Medal and Premium has been delegated by the Board of City Trusts, of 
the City of Philadelphia, to the FranKLIN [ystrTUTE, and the InstTITUTE, under 
the competent assistance of its 


Committee on Science and the Arts, 


andertakes to make the investigations free of charge and to recommend for the 


award all meritorious inventions. 
Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE, 


from whom all information relative thereto may be obtained. 
Pursuant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 


The FRANKLIN INSTITUTE, of the STATE ef PENNSYLVANIA, 


has under consideration favorable reports upon accompanying applications. Any 
objection to the proposed awards, or evidence of want of originality of the iaven- 
tion, may be communicated to the Secretary of the Institute within three 
mouths of the date of notice. 
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Hall of the Institute. 


June, 1894. 


Notice is hereby given that the FRANKLIN InstITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objections as hereinafter stated, the 
award of 


The 
John Scott Legacy Medal and Preminm 


TO 


CLEMENT PAYEN, 
of Philadelphia, Pa., for his 


“IMPROVEMENTS IN STORAGE BATTERIES.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN InstITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Gall of the Institute. 


APRIL, 1894. 
Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 
award of 


The 
John Scott Legacy Medal and Premium 


TO 


SIGMUND RIEFLER, 


of Munich, Germany, for his 


“PENDULUM ESCAPEMENT FOR CLOCKS OF 
PRECISION.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRranxuin InstrTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


JuNE, 1894. 


Notice is hereby given that the FRANKLIN INSTITUTE, 


through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 


award of 


The 
John Scott Legacy Medal and Premium 
L 


ALEXANDER JAY WURTS, 


of Pittsburgh, Pa., for his 


“LIGHTNING ARRESTERS FOR PROTECTING 
ELECTRIC LIGHTING AND POWER CIRCUITS.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
nit 


Secretary of the FRANKLIN InstITUTE, Philadelphia. 
WILLIAM H. WAHL, Secretary 
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Hall of the Institute. 


May, 1894. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 
award of 


The 
John Scott Legacy Medal and Premium 


TO 


DAVID BRANSON, 
ROBT. D. THORNBURGH, 
JOHN E. STARR, 


of St. Louis, Mo., and 


J. ENSIGN FULLER, 


of New York, for their 


“SYSTEM OF MECHANICAL REFRIGERATION BY 
PIPE-LINES.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN INsTITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


May, 1894. 
Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 


mended, subject to proper objections as hereinafter stated, the 


‘award of 


The 
John Scott Legacy Medal and Premium. 


TO 


WM. DENT. PRIESTMAN, 


of Philadelphia, and 


SAMUEL PRIESTMAN, 


of Hull, England, for the 
«“PRIESTMAN OIL ENGINE.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 


Secretary of the FRANKLIN InstITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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GEORGE WESTINGHOUSE, Jr., President. JOHN CALDWELL, Treasurer. 
T. W. WELSH, Superintendent. W. W. CARD, Secretary. 
H. H. WESTINGHOUSE, General Manager. 


CHE WESCINGHOUSE 


PITTSBURGH, PA., U.S. A. 


MANUFACTURERS OF THE 


The WESTINGHOUSE AUTOMATIC BRAKE is now in use on 24,000 
engines and 325,000 cars. This includes (with plain brakes) 232,000 freight 
ears, which is about 23 per cent. of the entire Freight Car Equipment of this 
country, and about 80 per cent. of these are engaged in Interstate traffic, afford. 


ing the opportunity of controlling the speed of trains by their use on railways 
over which they may pass. Orders have been received for 173,000 of the 
improved quick-action brakes since December, 1887. 

The best results are obtained in freight train braking from having all the cars 
in a train fitted with power brakes, but several years’ experience has proven con- 
clusively that brakes can be successfully and profitably used on freight trains where 
but a portion of the cars are so equipped. 


€. L. ADREON, Manager. JOHN B. GRAY, Agent. C. C, HIGHAM, Gen’! Supt. 


The American Brake Co. 
The Westinghouse Air Brake Co., Lessee, 


New York Office: Chicago Office: 
160 Broadway, John B. Gray, Agent. Grand Pacific Hotel. 


——MANUFACTURERS OF—— 


LOCOMOTIVE + BRAKES. 


General Offices, St. Louis, Mo., U.S. A. 


E 
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THE GENUINE 


Which is acknowledged by authorities and accorded the confidence of 
manufacturers throughout the United States and foreign countries, is 
manufactured exclusively by George W. Lord, practical chemist and 
inventor. Attention is called to other parties, who, through the 
appropriation of my antiquated patent, have deluded many manufac- 
turers into presenting them with their order for Lord’s Boiler Compound. 
The use of the above formula, patented in 1869, has been long discon- 
tinued, owing to my discovery of many new chemicals, which, upon 
critical experiment, have demonstrated their superiority. Lord’s 
Boiler Compound manufactured at the present time is an article 
greatly superior to the formula patented by me in 1869. Address 


GEORGE W. LORD, 316 Union Street, Philadelphia, Pa. 


GENERAL ELECTRIC COMPANY 


Complete Electrical Equipments 
for Central, or Isolated, Light and 
Power Installations. 


STATIONARY MOTORS. ELECTRIC MINE APPARATUS. 


TKANSMISSION OF POWER. 


PRINCIPAL SALES OFFICES: 
MAIN OFFICE, Schenectady, N. Y. 

Boston, Mass., 180 Summer St. New York, N. Y., 44 Broad St. 
Syracuse, N. Y., 244 West Fayette St. Buffalo, N. Y., Erie County Savings 
Philadelphia, Pa., 509 Arch St. Bank Building. 
Pittsburg, Pa , 425 Wood St. Baltimore, Md., 18 South St. 
Washington, D, &., 1333 F St., N. W. Atlanta, Ga., Equitable Building. 
Cincinnati, 0., 264 West Fourth St. Cleveland, 0.,510 Cuyahoga Building 
Chicago, Ill., Monadnock Building. Omaha, Neb., 309 South St. 
Kansas City, Mo., New York Life Bid. St. Louis, Mo., Wainwright Building. 
Dailas, Tex., Cor. Field and Main Sts. Denver, Coi., Masonic Temple. 

San Francisce, Cal., 15 First St. St. Paul, Minn., 403 Sibley St. 
Helena, Mont., Electric Building. Portland, Ore., Front and Ankeny Sts. 
Seattle, Wash., Bailey Building. 

All business outside of the United States transacted by the THOMSON- 
HOUSTON INTERNATIONAL ELECTRIC COMPANY, SCHENECTADY,N.Y. 
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HARDENED 


TOOL STEEL 


Bees 
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HE BARLOG 


MODEL. 


Does age 


mean merit? 


The Bar-Lock is notes 


old as some other mati« 
ines. Neither are tie 
other machines as old as 
the steel pen, nor the steel 


pen as old as the quill. 
New things represent pro- 
gress. It is “he new 
automatic actions and the 
new visible writing féa- 


‘ture which have indueed 


the Franklin 


institute 


award the Bar-Lock The 
John Scott Medal. 

Full details of its aute- 
matic movements mailed 
free. 


THE COLUMBIA TYPEWRITER MFG, CO. 


116th St., Lenox and Fifth Ave., New York. 


Boston, 266 Washington St. St. Paal, 98 E. Fourth St. 
Philadelphia, 1227 Market St. New York, 307 Broadway. 


Established 1828, Incorporated 1876. 


MORRIS 
Port Richmond Works, 


PHILADELPHIA, . 


MANUFACTURERS OF 


Machinery, Boilers and Tanks. 


Heavy Machinery a Specialty. 
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